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(57) Abstract: An optical disk unit (2001) comprising a reflec- 
tion surface detection means (1010) for detecting a reflection sur- 
face, a focus control means ( 1 202, 1003, 1009, 1008, 1003, 1012, 
1005, 1204) for performing a focus control on a reflection sur- 
face so that the distance between the focal point of a light beam 
applied to an optical disk (2100) and the reflection surface falls 
within a specified error range, a moving means (1007) for mov- 
ing the position of the light beam's focal point vertically with 
respect to the optical disk, and a control means (1006) for con- 
trol the focus control means and the moving means. 
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^ (1) ^mrc'rj;:oizm^^nx\,^^:it.-fym^v^\ 

R1110XG1110=R1120XG1120 (1) 

-ft-iitD-h. G 1 1 1 0 iiG 1 1 2 0 <ht*. R 1 1 1 0 iG 1 1 1 0 .^iCDj^iO^^R 

1 i2o<i:Gi 120 tom^zmi^Kfai^^^^zmM-^tix^^^zitT^m^v^^ 
^ (1) ^mr^-r^ D\zy^- ^ny 7 > g 1 1 1 o . g 1 1 2 0 
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^mm 1110 omMoKM^R 1110 ^sf^nji 1110 ©jaiir^tcd^oT 
— eaijtc?^^$n^omi>^ MiB^si 1 2 oo:>mm(DRmmR 1 1 2 
if^BHSiiMi 1 2 0 mimzj^-DX:k^ < mti^o m^it. i^mmi 1 1 o<D>ivt 

KMm\t3-^5%m&<D%mx^^^<D\zMv. MSBiisi 1 2ocos®o>ki^ 
mt^^o ^^x. y ^-ti x^\^j^^mzmm^mm 1 1 2 o^gMo^it^R 

1 1 2 0:^m^:^^^zr^'DXl,^rj:i,^t^ (1) ©M^?^7^^^^AL-r^f*tiEM<^ 'Ifig 

'IflBIB^Sl 1 2 OCDSMcoSI^^R 112 0 ^?i^tc:lxf#-r^;t5e)tctt. M 

^It. 7.^ 1 10 0 COf;^«)i 1110 (D^mzKM^R 112 0 ^^"T'lf 

1 0 cDMt^:t>37;t-.-^?xbT(/>^rHi) (C'lfisi^^m D ¥^ 1 o i i^^v^t 
sit^R 1 1 2 0 If iB^f^^Ji 1 1 1 ocD^«^e>i^^m^J:-5(c-rn« 

J:i/io ^>X4 tc43(/^T, i>-y>-tM 0 0 6 i*. ir^ >T>7° 1 0 0 9 ^ 
ffiV^TRM^R 112 0 Mfpy-f >^|g^'r^o 

Il|3«. f*6-i)il 1 1 ^(DmM\Z=f4 7s^mm.l 1 1 2;0^^?i^^$n7:i^T=VX 
fii^^-To 'IMSBiiii 112 ^OUmoWM^R 112 0 'lf#^*> 

f^T.^mm.i 1 1 2coii>fcj;< ch'b-gutr-^snTVi^o 7=>x^'ifigi 1 1 2 

{^11)11 1 1 ooS®icii:i^TOJ^n;feA-3-H'^$>oTt)^(/iU, a- 

3 - F ^ 7^)^^ f n $ nTc ^ ^lA D # 09 T o T ^ I' i . « isi^m^^ 1 
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1114 tt. ^mm(Dmmmm2(D^y'^ :^i7mm2 o o 2(Dmmm^^-ro 

:*:^McDJi^lST«, tt^zEt-^^^^tb^g 2 1 1 3 ^i:tJ^^TEft-^^^|HlI^2 1 0 

^fd, 7fe;^tBt§2 113, F E m-^^^lHlgS 2 115. f4|@ffift[IIS&2 116, 
n,tim^^2 1 1 8*5j:lX7'^7 5^rLX-i$' 2 1 0 47^^\ h.O'm^t.^^ ^ 

^fe, -y'-l'n>2 1 2 2:0^\ mUV ^ T^VM^^^y ^ "f- ^ 2 1 0 

7.^7 2 1 0 0 ^— ^ 2 12 7 (crnDft^ten^f^coiEi^i^-eiHi^L. 

Tt/>^o ^-^2 1 2 7^S, :$'aiJfPlElS§2 1 2 6 (CckoT^iJfP$nTl':^^o 
^— 2 12 KDUUmt. N'-r:3>2 1 2 2 tCj^oT^^^n-So 

o T J; i/^ — lixV X '^^t^^m'f'i X Tfe o T fed; i/^o 

^^/\,;/ H2 1 1 4iC^i, V—^2 10 9, :^-/7°U>ii7^l''>X2 1 0 8 , is 
5fet:-AX:7°U 2 110. 1/A'm.&m.2 10 7, ^SM$I2 10 5, 
tii^2 113, T^5^a.X-^ 2 10 4 D SnXVi^o 
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if 2 1 0 9«> u-ifmmm%2 1 o iizmm-^nx^^^o u—^mmiBi 

2 1 0 9^«i!)-r^o yt^^^y F2 1 1 4 lc:mD#tt5>n^cV— if 2 1 0 9 J; D 
^^U/tTtH— A2 1 0 :^^;/7°U >^'1''>X2 1 0 S^WT^tC^tlTt^ 

J;:. ii:)tli-AX7°U 2 1 1 0, 1 ,/4i&Sfe2 10 7 ^Siib. 
2 10 5T^S^i•^n^ 7C^tlW>X2 1 0 SiZ^^jyt'f^ 2 1 0 OCD'IfMJi 

^7=^V.Xi7 2 10 0(D'|f|g®(CJ:D>K$t^nfcSM7t«. .*##JV >X2 10 3 

^mmi'X±Kmm2 1 o 5-rmt$n. i/'4^^s«2 107. is^tf-i^T. 

yj 2 1 1 0. miiiU>X2 111, R^U >X2 1 1 2 ^ ffl iii b T 4 M O 
^7fegU;;)^e>75:S7^^iltti§§2 1 1 StCAWr^o %mvyX2 l O 3^^T^5^:iX 

-3^2 1 0 4(DRji!jgi5tcSiD#ttenTVi^o y:t—^x^\^^W]^^mhyy 

cfcoT, nmvyX2 1 0 "^mtf-ixy 2 1 0 ^ (D>m%Mt.mm.uiin m 

©'if$g®i:CD{iaT^n^^-r7:t";^XX^-fI-^(C»-C?V^T7^lf-A2 1 0 6 

(D%^-mn\z^'f'< x^ 2 1 0 (i(D\mm\z\im't^^o\zwn-^rix\^^o 
*7tx h^^;/^>^'ffi3-r;ptc«:tjJiif'ii§2 1 2 ^•^m^^xm&^MX^t.. 

%mvyX2 1 0 'imt'f4x^2 1 0 ^(Dmwi^ (i-T^K^-fe. 7^T=vxi'2 

1 0 O±0 ; |21'ettfc:&©;^[R]) ^z^mT^o 

^mm^2 1 1 4MC0^7tg|IJ;D?#^$nTl/^^o 3fe^aig§2 1 1 3Ji 

21 



wo 02/067250 



PCT/JP02/01513 



sg-S2 1 0 2 (&;r. T E ft-^^^iiis& 2 1 0 ztm-to ) -^m^n^o feis-^ 
^^M^2 1 1 ^H-A2 1 0 eomi^tyt^^^ 2 10 oom^mt 

f^^^^^bTV^^o FEiI^«, mmm\B\m2 l l 7.^y^2 117 

^:j>LTm;^i^'i's§§2 1 1 s^m^rt^o 

Mtli^^^2 118 \Z^K)T^^zlX.— ^ 2 10 4(Dy ^—tlTsM^^ Mzm, 

&mn^o mmn.m^%2 1 1 e^^, y:^-ts7.mm^^'^^\z'r^tz.^(DitL 

m^n. ^t:-A2 1 0 6 CD^j^^/O^^StClf |g®±(C'fi«-r^o 

Em^tn^-To TE{t^^^iiis§2 1 0 2^i, mB:<Dh^ y ^^mi^-^nrcyty" 
^ 2 1 0 0 omm.miziUMvxmM-^nrc^^^'-A 2 i o e ^t^xV x-^ 2 

1 0 0(Dh'7y-^ t(DifLmitn^y°y>'^y°)Vmz^r)^iij,\^iiiti-r^o TEfs 

n\t. ' /-^y. ' y 4 Jl^-2 1 2 0 i&.'rx^t. BPF2 12 0tBH 

fo ) > m^^^ihW2 1 2 1 ^^UTa>/\°P— ^ 2 1 2 S^mBti^o 

22 



wo 02/067250 



PCT/JP02/01513 



it&2 1 2 -^jtST^fbT^fs^ (-rut)-^. ^y-fmm) ^m^r^o 
±m^2 1 2 3com:^j«. X'i'^;/^2 1 1 7 ^^\^xm-timmm2 1 1 s^ite* 

n-So X-f ^;/^2 1 1 7®^D#^tt, N'-r3>2 12 2 tdcfcoTff ^n-So IE 

>2 1 2 2ic:d:oT^^$n'5o iE3^?^fe^iEiss 2 1 2 4o:>^ti\-^mtimm^2 
1 2 B^iM&n-So 

:7:t-:^x^^l#3Atf|^olj!jft^S5^0jf '^'in>2 i 2 2«, ^— i^s^^ij^^p 
m^%2 12 6 {cpjT^oiHife^^^^f^o 1.— if$iifPiHis§2 10 1 \zfm 

— ^Sa^f V'i'zi>2 1 2 2«> ^y5^2 1 1 70:3> hP— 

-:^xf^ijfP«fftonTi'^7^cj;!/^^siT^^o ^bT, '7>^'mt^m^2 123^ 

•dx) ^m-r^o ^ntm^mz. ^'-rzI>2 1 2 2^*, ]m.i^^±m^2 124 

mMti^o Mmi>X2 1 0 3iith^y^^mM'r^::^mziE^^mzmn^o 
:i<D^o^z. tmvyX2 1 0 3^i. vyy^-^wm-t^-^j^xzwau-m^^ 

5="^ X ^ 2 1 0 0 \Z^R-^< o T^ti-A 2 10 6 0^.";^.;^)^% t^t^V 2 10 0© 

mmM\z^nr5^ Vvv-y -^WM^^^^o \zfs.^t.s T E{I-^^^|iiis§ 2 i 0 2 
ibi:'^{%^ifi'mmmzf^^o teot«. bpf2 i 2 o^^bT*gijis;^ilitfil 

i?§2 1 2 K^m&n^o Jiij'i^ffi^^T$)^Jgij'I^a:llHlS§2 1 2 itt. V^V^ 

t.m'i'^ ^-^nxz^M— •^^kti.ifii^TE mn(Dmm^mm't fe » t s 

BPF2 12 0^^. /-rX^^St-^o B P F 2 1 2 0 coSii^^^. TE 
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D^ yt\£'-A(Dmmmmm(Di&mi,z^^;z.tf)miii^n^o 't<D'i^. ^h-a 

:i7P7.-r'g>, ;i<Di#. if Di7n7.^ai¥^Tfe'5ifD^DX^a:S[Hlif&2 119 

e> if P i7 □ X m ^/^>^m:^ $ n-s o 

\''fp>2i2 2», n>/\°w— ^2 1 2 S(Dai:^7^)V^^I/^;l/TfeD^ 75^:^> 

if p^px;^tai£ig&2 1 1 ^f)-^hMu^uMtm)mi3-^tirz.m'^\z. ^h-a 

2 1 0 0 <D\mm\zh ^ tmm-r ^ o z.<Dm^s T-r3>2 

1 2 2«^ U>ha—)Vii^Td(DmiiL^MU^)Vt\^. X-ry^2 1 1 7 (Di^ 

-^-f 2 1 2 2\t. mMktii\B\^2 1 2 1 -^^TE m^<DmiM^^i^ir^m^ 

\Z^n^^v^^ 7.^ 2 10 0 (DmUW. %=r4 7.^2 1 0 0 colffIB® (;ifBii^ 

%\tcm'm.^-n^'t^^-^\zm-y^^^ ^ 7.^ 210 ooiRi^i^ci;t»/h$<7^cC'&j: 

X'^2 1 0 0 S[Hlfe$i±'5|fiI^#^l:^.S^-^ 2 1 2 7 ©HlfeicSrfliJfp-r 
<hlCj;oTMi?5c$tl-5)o x^-T n > 2 1 2 2 l^, 7 ^-;^XWP^Pi$^b7cm«C^ 

TEfI-^(Djg(lis^^/±l-r^P^tC,^5=VX^ 2 1 0 0(D|Hl^ic^T^f'5;i^(Cj:D^ 

oi^ji, TEm^(Fymm'^wm\zmA't^z.t.fmm\zu^o 
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^fc. •^■in>2 1 2 2\t. m^^li!i\E\^2 1 2 l^^TEm^<Dmm^^lii't 
^ :i tiz^^xmrn-^n^o x'-f n>2 1 2 2^S. 7:t-:^?XW^Pi$^b7ctt 

(D^viz. T E {f -^(Djgili ^;^{±j-r m \z^ \£'-h,(Dn^—^-r\i^z.ti\z^ri, 

^f^Ts^ 2 10 ()\z%^u-^ntcmuf)mm-^ni>:ii^^mit-t^^h-tfi'T:^^o 

0 3 (::d;oTJ|X^$n;c7^tf-A2 l 0 6 (D-B;i;{4ff .h^T^V 2 1 0 OcO'lt 
•2);ii:«^ti"A2 1 0 6 CO^.'i^.Tit'lf 5§:LfcM {-tf^tD^. ^mj^(D 

tt^^o mti^izLr^^^-oXFEmn\tm\zn^Xo ^cx\ y^-ti^mm^ 

m 6 liZm^X. 2 10 0 ©'If |g®7&^^#M#-^ 2 10 1 {Cj;oT^^n 

T43Dx 7fe7^VX:5'2 1 0 0 (Dm.Mf)^^M^^ 2 1 0 2 tCd;o T^^nTt/^^o 

2 10 0±(Dh^y^XKMmfr-^nrc^}d--A^hyyi7^>blzMVTnmiZ 
laa ^ n^c 2 ^tij ©^;^ta§| O^^gl^T C0tli;^^i;:i;oTTEm-^^^tB-r'5:;^ 
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2 3C0m;bS, (b) ^m-^iie^. (c) t^^^FEII^:^, » (d) 

/^>^if □57DXft-^^, (e) T^^^TEfl-^^. (f) 7;)^^|giiis;^aillIS&2 1 

2 10m:tJ^^ W (g) :^^^zi>/1l/-^ 2 1 2 SCDttitl^^n^^tl^f o 
■9' -r n > 2 1 2 2 75?^\ ^ >7°?^f^^|HlS& 2 12 3 C0mff'&9m t o (ClS^^-T'S 

0 3«-^^{^^xVX ^^ 2 1 0 0(Z)MMt^7£::5Xo Btral t ^ T«f4a;0^^^7=' 
X^'^STI^^ TEfI-^C0W-^;m^7'cJ:O"e3>/iP— 2 1 2 8 0ttl;'7^^P — 

5&2 1 2 1 cDai;^7^)tE 1 ^M;tT, nynV—'^2 1 2 8 CDffi:ti:^V\-r 
20 u^)V{zU^o 4X=i>/^l"-^ 2 1 2 8 (^tB:^7j?^^p-p^;i/iC7'cj;'g>o ± 

?zlib7"cJ;e)f^, ^^"-^7.^2 1 0 0©«®T«-ifP-^PX'fI^;0^'ai^$n^7^^\ 

§0 ■r?'cK^-^> Btfal t 3(C43(/iTV'l'P>2 1 2 2/^^'P> hP— ;i/yS^d(Dmii 
^A-flx^jWiib. 7.-r^y^2 1 1 7(Dli^J'ctm'T'at^i^m'r^<i:olzmf^ 

25 -rnjs\ 2js^7=vx^7(^d;d(c'ifmc9si^^;0Mst/it>oT^oTfe, 

lZ'm^izy:^'-:^7.^\^72^^'t^^tf)^X'^^o 
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(a) f)i^>y'^^±m^2 1 2 3(Dtiit}^. » (b) ^iMf^Hm^. » 
(c) /O^^FEm^S. '^m (d) i)^'\£u^\n:^m^^. mm (e) ^^^TE{M^&. 

(f) ^mm^mm^2 1 2 icom:':^. mm (g) 2 1 2 

^fz. mm (h) -7^3>2 1 2 2;^^\X-r ';/5=-2 1 1 7 Ozi > h D-jl-)^ 
(::m:^'r'5n>- HD— jWI-^^^-To t io~^^>7°^tl^:^lHliJ&2 12 3-^^ 

>2 12 2it. T.'iy^Z 11 7 (Dn > h a—Jl^i^^d (DMiiL^/^^ U^JHiZT 
0 0cD^ffiT^^TE{t^OW^;i/JWT^^<Z)TN'-1'P>2 1 2 2«:7.-t— 
Xi7^S2 0 0 2C0li^tc:3iiinT'i)^:i:(C<fcoTB^$n#'5)o 

mm(Dmm 3 ) 

la 1 0 ^i. 2^^BjcD||Jfiico?i^l^ 3 o^T^V 2 0 0 3 (D^i^iJcM^^To 
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HI 1 lit. 7.^2 1^^ (DmmmzW^]^^%'lfdmL(0 hyy^ ^^-To 

mi 2 It. y^-ti7.mm-^mi'^vxi^^^'\kmT^}d'-M.2 i o e-^^h^y-^ 

(b) iitTEmn^. W (c) «BPF2 1 5 ICDtB:^^^^", BPF2 1 5 

10 KDrntj^^Txit^^y^^un^t^^oo '>:ty;wt-^o^gi|ii«^tf-A2 1 0 

i: H^iyi7i:CD4'rBl(C^'5)^-&iC/jN$<;^cj:^o B P F 2 1 5 1 TEmmz^ 
F 2 1 5 1 (DMMWmt. Wt^v"-^ X-^ 2 1 5 0 CO^^^Xi^^^. 

(a) f)i'^>y°'^^^m^^2 1 2 3coai;^r^, » (b) T^^'^^^JiS^. 

?^ (c) ;&^^FEff-^^. mm (d) 7&^^-tfD:i7nxM-^^, (e) ^^^^^JV 

m^^. » (f) ^mm^mm^2 1 2 lom:;^^, iS?i^g^t3>A°i.— ^$^2 

20 Zl > 2 1 2 2 BtPel t 2of-^>7°i^^^lfii5§2 1 2 3CD»jf^^|S|!^-r -gxh^ 

^ n 1; ;t Sttit 75^^ 7 ;t - X ffi 3 ;p {c »itti ^ o 

=KeoT^ M<i^l >X2 1 0 3 (d^-r ^ X i7 2 1 5 0 (D'lf o 

ptPei 1 2 i^B.^iiS/O^T^T'-Y x-^ 2 15 0 (Dmrnt-^-r^ ^aa-^ pxft^ 

25 V-^;i/;J>^'^7^cCC0T3>/N°lx— ^ 2 4 6 0 cDai:^^Sp — V^;i/©*S-T?$)-5>o $e> 

x:^ 2 15 0 (djfi^x ^Btrei 1 2 z^mmm^mf^Mmizx 
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5 ^zhxti^T-c tmj-at^mmi^Xs y^-tiT.mm^mi'^-^'i^^o 

2 4 6 0CDai:^7^>^^P-W^;i/T^^fefiC)^ -^-r 3>2 1 2 2 hP-;i/iiS^ 

10 0 (D^m^M\Z^^■^Xh•^V^'!7U7sm^i)^\^t5'^tl^ifiZ<Dt.'^\Z\t. P>/11/— 

2 4 6 ocom::^5&V\-r l^^;i/Ta5^feje)> v-r n>-2 1 2 2 \t.ziyhu—)Vv^ 

l/^T, ^SITa c <i:/0^^g|^$tl^ 7 WP7^)tff ^btl^o 

(*Mcomi4) 

[gi 4«. :^mM(Dmm<DmM4(D^v'^ :^^mm2 o o 4coii^f^!j^^-ro 

±aibrc|IM<D?]^ig<iil^CyP^;/-^Jc:«N--CD#^^#bT|J£BJ^#|ll&-r-2)o 
20 ^ > 7°}&lTg^IlIU& 2 1 5 7 a ©l|{47i>V\-r i:— ^ji^l? 

iEX\ U~U^)V(Dm^UM,hf3:^o %'f^ys^2 1 0 0 \^fj\^(Dmwkxmu 

bTl'i'So ^— ;$'MI^|HlS§2 1 5 6tt^-:$7 2 1 2 7 ^tH/f^cDlsIIsi^:^®^^ 
cfc^tC^iJfPT'So Ix- 1f M1^|Hl|2& 2 1 5 5^i. 1.— tf 2 1 0 ^ ffifn'&CD -X 
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1 1 7 (Du>hu-)vt^'^d(Dmi±^a'-\^-^Mzvxii^^c tm'^ht^^m 
©st^o— ^ji^T^fb-r^ft-^^^^f '7>^w.m^m%%2 1 5 7(Dm:/3 

^;:j^:^Cfem^jfE7^^^S::'3^glllI^2 1 1 siz^-Dxy ^-ts7.m^-^ )XAzm^^o ^(D 

m^. tmv>X2 1 0 3«^ ^^"-^7.^:7 2 1 0 Q\z\^f}^'DX {mx\-^±jjmz 
\^i)-^'DX) ^m-r^o ^t:-A2 i o ecos^^ii^^vx-^ 2100 (Dm.mtf)^ 

— ^-r^.^iSi^flco-lfu^nx{g-^;0^^-ifU:i7DX^ttillIS'S2 1 1 

Mo:^mMvrcmz^>y''m^^m^^2 1 5 7\tM(Dm^i(D-'^mmxmt'r^ 

mj^jz^^^xM^u>X2 1 0 3^mW}Vx^^rc:^\^tm—(D::fjm\z. ^xVx 

57 2 1 0 O<D«ji(Dj#$i:D;'c#(/i0f^<^milfdnj-.^^i^]x>X2 1 0 3&$e> 
ff§2 1 1 9 iwJ;oT2tHi@CDifPi7PX^f-^^^'tii;'3$n-So V^zi>2 1 5 8 

2umz^u^u7s\yf^z.t.) ^m^-^^h. x-r ^y5^2 1 1 7cozi> hD-;i/ 
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mi SiC^SV^T. (a) i)^^>y°mM^\^^2 1 5 7©ai;^j^. i^?^ (b) 

f)mjU.{tLm^. mr^ (c) ;o^^^>7°i&^^iiis&2 i s ro^^bcoft^^. 

(d) ti^Y-Em^-^. ie) T^^'ifPi^DXlS-^^, (f) ;&^^7.-r 2 

1 1 7 cD^STdoit^^^n^^n^-ro v-r3>2 1 5 8;o^\ Ptfaitgoi-^^ 

tA^oT, %mVyX2 1 0 3«^'i?lc:7^7=VX:i7 2 1 0 OO'lfMtCjfi^Xo 

T-r n > 2 1 5 8 *i0COif □ ^ D XfH-^ ^^^m b tc.mi^.f)'^ e> M 0 BtPal^^^'M 
iiiL7it^(C^>y?Sf§^|HlS§2 1 5 7©iS^b(Dm^4^P-P-^;i/(Cia^f -So 

i7 aXin^f)^tiit}'^n^o •7-1' n>' 2 1 5 8\t7.-i ^"^2 1 1 7CD3>hD— ;i/ 
^7t> X j:7 2 1 0 0 liZTSi-^^lr ^mm^ytv" ^ 7. ^7 2 10 0 O^® 
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x^^^<Dx^<Dmm^^m'r^9^mu7^9-:ix—^(Dmmiz!^tm-r^o 

-f^^t-^^x^^o 
mmomm 5 ) 

HI 1 6 :^mMomm<DmM 5 oyt^"^ x^^^gg 2 0 0 5 omj^m^^-ro 
±m\^r:imm(Dmmtm\^'fuy'^i,z{tm—<D^^^m^xmM^m%'r^o 

m^2 1 2 6 iz^-^com^mtiyx^a^m^-r^o V"-^mmm^2 155 
\t. u-if2 1 0 9-^m^(D/^'7-x^^-r^^o\zmn-t^o ^^:3>2i e 

\Z^r>tj^^c h)i^=^hh^^mt^o mZs V-f3>2 160tS. ^>7°i^^^ 
[ElS& 2 1 5 7 COi^T a ^ bcom{4^<i:t>tC/\'f I^ -^Jl/.h-r-Sc ^ 

y'fm.^^m^2 1 5 7©ai;tJic^&C7c««^«;'3ti'|iitl2 1 1 8tCj:oT7;r 
-:^jxffln'f ;i/ic^tn^o Mtil^>X2 1 0 3ta, ^xVx^2 1 0 

/^)^Mlj§b7^t|^iC^>7°i&^^|lI^§2 1 5 7(D^^bOmi4^A-r V'^;l/;Ji^e>P- 
U^Mzm^^o ^(Dm^. ^>y''mm^\B\^2 1 5 7«. a^BCD-tfDi^PXfl 

n^mt^L'tcmj^^^^^mmmmu , ■^mj^hr^^i^^zM.(Dmii<D-^mmxmifr 

^m^^^^-r^o -^Olgm, Mm\y>X2 1 0 ^^VX^7 2 1 0 O^^S 
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:7;i--:^X$im^lfl^^T^= •7-r=i>2 1 6 IE5ti^^^llIS& 2 1 2 4^S!) 
f^^i^^o ^'-r3>2 1 6 0^^> ^2 1 2 %<DWitii:>^I\^V^)\/'-(:-h 

§^:IE5g«^|Hf^§2 1 2 4(Dli)fl5^ff±$ii-T. ^-^$iJfP|pIS§2 1 2 6 (Cp/f 
^CDlHlKiC^IS^T'&o n>/1lx-iS7 2 1 2 8CDm;^:0^^P-l^^;KDil-&fC«. 
^ > y°'{^m^\B\^ 2 1 5 7^V±y hLXX^y^2 1 1 7CD^STc tti^T-h t 

W (a) ^ty>y'mm^\Bl%^2 1 5 7cotB:t/^^ W (b) mm.'^Mm^. m 

m (c) f}^9>'f'^m^lE\^2 1 5 7©^^bC0'fs-^&> (d) ;O^^FEjt^ 

W (e) ;0^^ifD:i7nxjt-^^. » (f) ;O^^TE{t-^^. » (g) ^ix 
y9-2 1 1 7(Dj^^dC0fS-^^, » (h) >A°l.— ^ 2 1 2 8©tii:^^> 
W ( i ) T^^^^^-iS' W[Hli?§2 1 2 6;^^^^-:^ 2 12 7 tCM^0f^CDlEl«(::^ 

V^n>2 1 6 0?&^\ BtfBl t 4otC^>y?^^^tHjS&2 1 5 7(;D»jf^^TO-r 

X2 1 0 3 m^.^ tC^xV 2 1 0 0 O'lffgmfCjfit^*, $ SiC'lf Igffi^Sjl 

-r^o -^-f n>2 1 6 oti, Htrsi 1 4o:?;>^6.m^BtrHiMiMi^^t©B#rHi 1 4iT^> 
7°i^^^iiii?§2 1 5 7 on^^bODma^a-u^Mzm^-r^. i^^ot. ^^x" 
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'7-rn>2 1 6 O^Sx :^^y^2 1 1 7 On>' hP— ;i/)^^dCD®{i^A^ 1/ 
-&'2)o ^H-A©:II.W^'|fM±.ic:$)^<h^t:-A2 1 0 6 h ^ y ^7 ^mm-T 

^(DXTEm^T^^jE^^mzt^^j. mm^ta^mx $> ^mm^mm^^^^ 2 1 2 1 

10 (Dii!,tl^^/\^ U^A'iZt^^o V<3>2 1 6 0 'ltlgM^(D7:t-.'^X5l^ii 
^?&^^IES(C||7b/tifiJifbT0#rBl t 4 4(C^-:^WP[ElS§2 1 2 6 tcm^OHf 

1 5 frt^nT.^^t) >X 2 1 0 3 ^m^^-^ X ^ 2 1 0 0 (D^® b;^cm^T^- 
^$7 2 1 2 7 SrlHlfe$i±'5);i<i:^^^iSV^o z.<Drc^. 2 1 0 o^jK^mm 

{zm-oxm-D^f^z-hf^K. fi^-o. 2m%'T^ 7s'^(D^o\zmmM<DKmmm& 

ifiX^^o 

20 T^ci:^. :^mm(Dm:kxmM\^r^'^-^ 2 1 2 7 (om&Yi^m. iMvrct^x 
(D'mm<D'mfM.\z'mm-^ ^ z. tij^'^mx^^o 

mi 8\t. :$:mm<DmM<Dmm6(Dyt'f^ 7si7mm. 2 o o e (Drnmn^^-to 

± jZli b ® fl^^ i III C y P ^ « N - (^#^ ^ # b T m ^ # Hg-r -5 „ 
25 *^5ScDm^-e«, 1 (El^;<^ U 2 1 6 6 7&^\ .^xV 2 10 0 (Dm^nB. 

\ZJ^s\:.rc7-!7^=LX.'-^ 2 1 0 4 07:t-:^;X;^fRl©^{4^IHitf ^SBtt^^ch 
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^mbTm^^-T'So cicDm-^snife^sm-^-^t/^^o i|pife.-><^'j 2 1 6 

6 |lIfe:^Sft^{3|pIMbT7t7=V 2 1 0 0 1 [Hl^-r^S!rBlO«:^;±iifis 

;!jB#f|2 1 6 7 (cm^t/T^o 

V-r3i>2 1 6 8t^, iy5=-2 1 1 7(D)i^^c iisS^a iS;r^bT:7;t~:^ 

x^iJ1gp^ftf^$-frTi/i-&M-(::iE^i^^^io^§|2 1 6 'y^—tiT.mn 

tiux^. r^^. m^(Dy-i>t\t. mm-t^mmmm^^2 1 7 o©-f4i@ii^ 
#14 ^ IS ft -r -s li^ (d b y -r > ^ i -5 o 
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mi 9 *5 cfc 2 o^ffl^/iT^ mmiMm^2 1 r o^mm-r^o 
mi9\t. mmmiBi^ 2170 ommn^^-ro m 1 (DAtin^j- 2 3 0 0 
m 1 (Dmmm\B\^ 2301 *5cttx^ 3 ©'f4^@iifite]s& 2303 i,zmm-^n^o 
m 1 om@is«[Hi&§2 3 0 1 tm 2 (Dmmmm^ 2 302 ^^nMtc^i^^n 

Tt/i§o^2(^f4tS1tftllIiS&2 3 0 2<Dmtlf)^y.^ y^2 3 0 4«^a{C^gM 

$n^o ^3 cD{4taiif«(fiij?^ 2 3 0 3 js^ijiciggg ^nfc^ i ^immmm^^ 

2 3 0 2. ^ 2 COiitgaitlHli^S 2 3 0 2 hm^Hzmm^ nx ^ ri ^ ^CDttl±/^^X 
-f ^y^2 3 0 4<^j^-? bJC^M^n'So X-r ^;/^2 3 0 4 (D^^ c Itmti^f- 2 

3 0 6\zmm-^n. ^^±111^1^2 3 o efy^^ommtim^y^^ev 2 1 e ijm 

§§2 16 7 \,ZAtl-^n^o X-f >y5^2 3 0 4 (Dt^^ d \tm 2 (D Ail^'f' 2 3 0 5 
(clSM^n'So II2CDA:^J^S^ 2 3 0 5\f^-in> 2 1 6 StCi^^^n^o 

13 2 o«, immm\B\^^2 1 1 ^\z-^^n^^mn.<Dmm\^^^-t. 1112 o 

m2 0(D (a) ^1 C0{4|@Mlt[HlgS 2 3 0 1 CDfS:tg#tt^^1-o W> 1 0{i 

tsii{«iEis§2 3 0 1 \z^\^x\%s n'm. f o^^^ f ^(D^'^x{iLmmt^mmz 

H 2 0 CD ( b) W,2 (D{immmM^ 2 3 0 2 0{41=@#'l4S*-ro B 2 
ffilif«lH|g&2 3 0 2 tC*5t/iT^S. f 2^^e> f 5®^^TmS;$>^^iit^if#t4{^ 
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0 2 0 CD ( c ) \t. mmizmf^-^tiTcm i (Ditmmm^ 2301 ^^z:^m 2 
020© (d) \ts m s om^WMm^ 2 3 0 3 (Dmmn^m-r o ^scoii 

14 1 m i^^'mi {zwi:)m^^^t 7)^x § -5 o 

tB1tftlHlS§ 2 3 0 2 Ofi5ffi#i4i* f 2 i f 3 <i:(^^1-e<iti©ii^:!5>^^ft;^i:;^ci:^ct 
e»(::ISIt$n^o ^fe, ^3 0mgiaftlHlS&2 3 0 3(D{4t@#tt=b f 2<i: f 3-^ 

(Dmxmn(Dm^^^m:khfsi^^o iztm-^n^. mmzmm-^nrcm 1 cD{4ig 

itft[fiIIS& 2 3 0 1 43d; t)^^ 2 ©{4fflM«lElS§ 2 3 0 2 OlilSMmtHlgS^*. m3(D 

m^fX<'r^Ct{zJ::^Xii:mmm\Bl^2 1 7 Ocoy-r >':0^^i^<;^=j:'5o Z.(Dtc^ 
\z. J'^Xm\z^'DXT^'^=LX.-$>(Dn^ Mz'^-XUmMmM^.^o ^(Dm:^ 

tjimm^m^-r^fc^iz^t. mmzmm^nrcmi(DiiLmmw2 3 0 1. m 
2(Dmmm\Bim2 3 0 2^m^^^m^\z\tmjv--:fy--(>^m^m^^z.tti 

^ (c) >o^^^:^iii|isfi 2 1 1 s<DKtimr^^. mr^ id) ^^nisi^.^^u 2 1 e 

6(0ttJ;^j»^. W (e) ^^^FEm^^, W (f) ^^^if □ 

Jl^ (g) i:i^7.^y^2 1 1 7 CD^^^d ©ft^^^n^^n^-To x''i'n>2 1 6 8 
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«s 7.^ 3 0 4(Dm 20 3 0 somite /\-( V'^A'tiy. ifi^J 

i,zmm-^nrcm 1 <Dmmmm^ 2301. m2 ommmm^^ 2 3 0 2 (Di±j;fj 

x'-r3i>2 1 6 8\t. mmt z^\Z7.-< y^2 1 1 7 (DuyVu-)VWi^d<D 
m<L^U—V^MzLX7.^y'^2 1 1 7 c b i: ^jg^f ^> 

7°iSfg^iHis& 2 1 2 3«. -^jt^T^Yb-r^iH-^^^^-r^o ^>y°m.%^m 
g&2 1 2 3CDai:^(^ii&i;rcmvi;o^'m;^ii'i'i§§2 1 1 3\z^'Dxy^-ts7.m^'i 

)V\,Zi[ktl^o ^(Dm^. ^tlU>X2 1 0 3tt> ytf^T.^ 2 10 0 J;i[R]jJ>^oT 
nxm-^^^mt-;^B#^1 t sitC^ViT. 5^2 1 1 7 CDP > h p-;i^S^ 

4- - ;^ X $ijisp ^ Wjfp $ i± o 

>fe-rVXi:7 2 1 0 0Mign^WbTVi^(DT>Cti|^k>X2 1 0 3«^(D®Jg 

1 5 1 e> t g 2 /O^^xV X 2 1 0 0 7j)U mfeT ^MfBi^^-To ■x'-r 3 > 

2 1 6 8 B^ral t 5 1 1 Isl^p< ^ U 2 1 6 6 {CfBitOlftf^^m^-roo 1 [Hi 
fe;^^U 2 16 Q\-mm t 5i:?^/^e> t ggOX-f >y5^2 1 1 7 <Dtj^=J'h(DV'^)V^ 
laifT^o ^UT, l[El^p<^U 2 1 6 6ti, IB'ltbTcifB^BtrBl t ggi^^l^^^Jn 
^§§2 1 6 7 tCtii:t7-r'5c S/t> ■7-l'n>2 1 6 8«, Btral t 5 2 (-*5t.^T. X 

-r^y5^2 1 1 7 (Dm'f'c tti^i'f'hh^mmrr^o stc. -r-r zf>2 i e 8«. ^ 
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^|pl{?§2 1 2 3 ^:smi!j{^$ii-'5>:^c5e)(;Dm^^j2l'5il<i:(Cj;D. i)P^t§2 16 7 
om:^tt^>7°i^%^|Hlg§2 1 2 3(Dm:^3i 1 11I^><.^U 2 16 6(Dli!,tl^1}m 

vTcmntr^^. tmv>X2 i o s^*^ iim^2 i 6 i (D\^ti\z]^s\:x-^s^ \z 

%9a7.^ 2 10 ^\Z.\^-5<. 

3> 2 16 8^*. 1 Ielfe,-)<^U 2 1 6 6CDttl;':^#±$i4-T, X-r^:/5^2117 

{4&p-i-^;w<^ib. ^3 0mBffif«iHii2§2 3 0 3 coaitim-^T^^^ta:;^ ^n^cfc 5 

itmm\Eim2 1 7 0 (DifLm^(D^mm^^'wmzw D mt^ ^ . 

^mm<DmfMlz^^Lyty^-'( X.i7 2 1 0 0 t;iy-^^> >W X:37>XckD 

#Vi®ign7^^^$>oTfe^#^lx>'X2 10 3 <h7tT^VX:i7 2 10 Om^^-t^^t 
%^4 7.^2 1 0 0©^®<h.^>|-tlU >X2 1 0 3CD±®<J:CD*00UgiiK^7- 



1 0 0(7)M®<Dtg>c#3aS/^>^15^^^*(cf«$n^OT7^-:^>x^l#?A^ 

9 Oo 

^/c, Pi;W-7>W >CD^S^e-O^SHi:bT^-7=VXi7 2 1 0 0 (D'lf MCDS 
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HI 2 3 ifmmnM(Dwm i ©^xV x^as 2 o o ? ©^^m^^To 

2 1 8 7 0mS(Dlf|g®tCiRmbT.^lt$n7c^H--ACD^xVX^2 18 7 

^fc, FEm^^^|fiIg§2 1 1 5t^> 7^^ttlt§2 1 1 2> (D)^ti\LW:3\^X%\f. 
— 2^<Dm^t.%^^ 7.^ 2 1 8 7 0p;r^CD'|ffg®i:0{5:«1"n^^{±i-r'5 7:t- 

X X ^ -/^ tti¥^ b Tiifg-r ^ = 

T5fe7=vx-j7 2 1 8 7 7^^e><^^£i>t7fes^aai-r^^>KW^ai^m¥^<^bTii 

^T^c^ i^#^2i8 5«, MfH^sst7fea^m¥iac9ai;^?5^e>tufB^7=vxij7 
o m ^ CD if ig ® Ji^i.^ o If #g s J: D s $ n ^ s i^t^a b It -^fii ^ b 

«T'MfB7:t-:^xx^--^ai^^(7:>m;t?^^^-r'5iE^a'fb^^i:bTtitgr'5o 

^T^V Xi^7 2 1 8 7 itMt;i^ 1 0'ltlg®<h^ 2 CD'lf $MMO 2 ^©'If 

2a^xVX^ir^-5)o ^-:^$iifPlHlS§2 1 5 6Ji> ^-$^2 1 2 7 ^O^Tif 
^Olfllfe^TlHl^f ^ci:e'tC»PT^c V—^mm^^2 1 5 5^S. P-1f2 1 

t'>X^2 1 8 7:^^6cr)SM7t^*> 7:t-:^XX^-'ff-^^^[pIS§2 115,^ 
SM7t»fl^^^|Hlii& 2 1 8 3t::mS>n^o ^»mSm^^s5c|IIlE& 2 1 8 3t*, 
5^;^a:l§g2 1 1 3{CAifr^7t7=VX^ 2 1 8 7j^/^?>C9^;KI^7t»^^{±ibT{±l 
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0 F Elf ■^Ojgi|iS]/^;i/;0^^^#^^lj--2) ^ ii/^cJ: < F Em-^OU'-^Jl/^— ^{^^'5 

fe©T$.^o |^J!.TT«. I^»2 1 8 5 0m:t>^IE^ibFE{t-^.ht/ie>o 

2 18 5(0{±J:^j^*{4tgit«(HlS§2 1 1 6. 5^2 1 1 7 &:/^UTm::^^^ft'S^ 

2 118 \zm.^n^o 

mtmi(Dmmm7!)^ib(DKM^7)m^i^^2 1 1 sizAM-r^o zotc^^z^^ 

^2 18 6i)mm-^nXh^^o Ts-i y^2 1 8 6(C«||1 C0^Mffi2 18 1^ 

m2<Dmmm.&2 1 8 2t^mm-^nx^r), '^-^uy2 1 s ocDfg^tcicfcoTVi 

m 1 oa^pmffi 2 1 8 1 1*. Mj^.iJ^^ 1 ®'lt#® (c/cC^ti-^CD^ 2 (DltfgM?^^ 

^(DKM^mztm-t^o ^tc. 'M2(Dm^m)^2 1 8 2\%m^ifi^2<DmmM 
\zu^m^(DW,.i<^\M%mf)^^(D^M^mznj^s-t^o t^oT. wm^2 1 8 s 

1 commM^^xs^2(DmmM\z:^\^^xm(DmmMf)-^^(D^M^m. 

f3:^. mi(DmmMJ±2 l S l^J:tX^2 0S^mflE2 1 8 2<DU^)Vlt. % 
F 2 1 1 4(D#'f4*5cfcD^^xV 2 1 8 7 (DKM^^^Z^-DX^kl^^o 

j^omi^^m 1 o'MBjj^ e>B 2 ©it igm^^ii^ii-^pi^^j;, x'-r n > 2 
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1 1 7 (Dt^^ h izm^ o W'Wimz^m.T.-i V ^ 2 1 1 7(D3>hO-;i/iS^d^ 
i)'^^t^\t.m2(D\m'm±.\Z:^^f)^\Z^'DX7.'i V^2 1 8 6S^D#A^o iin 

^ca:D'lfM^::j^^^DTIE^{b^^«a5§l^#^2 1 8 5 icA;b-r^7fetf-A<D^ 

^mtmrt^^v'^ 2 1 8 7CD'm®ij;,^©ifig[Sd;DjKit^n^&ma 

1112 4 2jg5^7=^V 2 1 8 7 i^ti — A2 10 6 i^^fo El 2 4 (C^ 

^■t^m'^\z\tm^^mi(DmmM\z:^^^o\zy^—ti7.mm-t^om2(Dm 

X 1 0 3 ^^t'^ Xi7 2 1 8 7 (Cifi^^tj-, 2 (D'lf 

7 ;t - X P ^ lijf^ ^ ii-o o 

s 1 (D\mm\zm^j)^h^m^\zm i (^it $g®T;Ki^f u^^tf-AL i t^^^t^^ 
o-»^^^^ttit§ 2 1 1 3\zxm't^o :i<DKMm-^¥Em^\z^m^^?Lf^^-^ 

1 (DmmM\zh^m^ t.^ 2 (ommmz:^ ^M^hxmt^ 

42 



wo 02/067250 



PCT/JP02/01513 



(a) \t.. lEMit^OFEm^^s » (b) ^s'-f n>2 1 8 OOD/A 
^m^<D&it}m^^. (c) ^;/^2 1 8 60$S^dCDife?l^^, '&W^ 

(d) «x-r ^y5^2 1 1 7oys^dtzai:^^n.2){t-^T^'5o '^-r3>'2i8o 

A^^^^:)>bTm:^-r'5>o rn{CJ:oTMi^I-'>X2 1 0 3 2 ©If 

8 0 lEmitmo F E m ^(D l.-^;i/;;J)^^B#rBT t 6 1 T - E 3 iC/^c£ 7c ^ ^ ^^ffi b 

T-r3>2 1 8 OJS. t 6 5TiE^'ibltOFE{f-^7^>^~-tfP:J7PXb7tfl#.«X 
-f-/5^2 1 1 TCO^^^c iis^Ta ^:^J^^bTM7^-.tfX$WSi!jf^$ii--2>o 

ldi(^'if e>oj^l^t^»&|^^b;^c^SW7taft^'ZrlEM{bbrcF Em^t^^ 

211 z\t4m(D^^m>^mnrc%(D^m\zmm^\^rcf)^. 
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e> 0;KI^7^««^#JOS7tg|5{3AI^ L7^C7t«(C Wilt" -2)0 

cfcoT, 9\'m(D^yt^wytm\zm^<D^m^^mMiyrcm^mn^2 1 8 4t 

m2 7\t. ^^m^2 1 8 8 CD^i^^^^e^tC^f o F^iiJC0 4MC0^^W:)fe 

m!^.^mi(Dmmm^^^m2(Dmmmiz^m^itm)}mt. mm<DmpM7 tmm 
[g 2 8 tt. ifmM(D%m(Dw^m 9 o^tx^ x^^^^s 2009 cD^i^x^j^^f = 

7^xVX^2 1 8 7Ji, M'®(c:2'::P(^'|ffg®^Wr-5 2e^7=VX-:57'T?^^o 
^-^$!l^PIlIii&2 1 5 6^*, ^^E-^ 1 2 7 /&^p;fSO[Hlfe^T|Hlfe-r.Scj; e> fd^ijrip 

-r^o -ifMfPiflis§2 1 5 5^i, >-^'2 1 0 Q i3m'^<D /^^ -nm^-t ^ ^ 
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(C|g^$nTi/^^o ^'l'n>2 1 9 51^, ^>7"'i^^^IlI^2 1 2 SCDiSlf^^l^ 
$^$ii-§o ^>:/m^^m^2 1 2 3(Diiit}U. 7.^y^2 1 9 6^i\'VXmtl 
iiifiS^2 118 f::me>n-S©TMtlP >X2 1 0 3«7t7=VX.i7 2 1 8 7 Cljfi-:^^ 

n > 2 1 9 5 m cD'itfB®-j:o s m&mom^MH ^ 2 

i^^sC)gHitUT!/i^o V'1'3>2 1 9 5^*, ^ (2) T5^<*^Q i &S 1 COlf 

-r^o ^;^c, it (3) T3it^^Q2^^2 (D'|f|gMtC43^t^ffi09'|f|M®^^6O;K 
|>m<hbTX-r -/5^2 4 1 OCDjiS^bJCllS^-r'So 

Qi = C3 • (1 - (H1/H3) ) (2) 

Q2 = C3 • (1 - (H2/H3) ) (3) 

a> 2 1 9 7.^ v^2 19 Q(DZiyhU—}V)$i^e(DV^)V^^^^ 

^ e (Z) ZL tX'tiMT d tti^^ a t ^mmt^o s'-T ^ > 2 1 9 5 

^yy''mm±M^%2 1 2 smhi'f^fMh'^^^o ^>7°^^^^Ie]S&2 i 2 scorn 

^;/5^2 1 9 6^i]'VXmtim^m2 1 1 8 tcme>n'5c 
1^>X2 1 0 3«^xV7.i7 2 1 8 7 {C7fi^>iT(/Ko > 2 1 9 5 ^d:. m 

{4fi^^2CDlf|gM(::#|i]$i±^iiofC^^. V^n>2 1 9 5Ji. 7.-(y^2 1 
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9 6(Da>hti—.)vmT-e<Du^.)v^mx^^t'7!ii^'f'd tm'Tc t^mmL-x. 

\Z7s^y^2 1 9 &<DuyhU-Mj$iJ'e(DV^)V^^pL^Z.hX^j^l-dtLl^=f' 

IEI2 9(^^ViT. (a) «^ >7°i&fg^lpIS§ 2 1 2 3 oai:tl^. W (b) 

M^CO-fiffi^. l^j^ (c) TO^^2 1 8 5 (D{iit}X$>^iEmitF Em^^^ 

n^n^to ^-i =i>2 1 9 5\t. mfB^ 1 7 0 v^^^^^^m^g 2 1 2 3 

x''i'Zl>2 1 9 5 IS. ^-7=^VX-^^2 1 8 TCD^S^^E-AcD^.-^T^mj^L'/i 

e> X -::7 2 1 8 7 \ZT5rj'^. 1 7 3TI1 1 (ommmx (Dm^itY Em 
n(Dv^)VifiE^^np^^o x'-r3>2 1 9 5 iE^a<i:FEft^<z)i'-^;i/j^>^'^ 

E mn(D ]y^)Vf}mm-E 4 tc/^cC^^fsioiE^ffcF e mnomMu b 1 Siiij^ b 

tB'lt1"-So b 1 \-i.M.(D{mzU:bo a 1 75^6) b 1 ^mMVtz.m.ifim 1 (^'If ISMTO 
S^»(D|iil)SH ITafe-So ^SiCMt/V-'^Xl 0 3 &±tfTt/K i:7fet:-ACD 

^,>^,«^ e> 2 1 8 7 \z]^'J^. mm 1 7 ^tH 2 colt^gMTcoiE^ 
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t T e'T:iEmitFEmn(Du^)\yf)^-E ^j^^mKt^^o T-rr3>2 1 9 b\t. 
jEMitF Em^ou^mmm-E 4 izr^^mmoiEmitF E{t-^©s/WjSb 2 

iliSH2Tab'§)o 

T-l'n>2 1 9 5^i, ±Klib7c2^(D^^ffi(/iTQ l43cta^Q2&5t<56^o ^ 

^^mmcom-m^z^^^x . jj^Pi7'^A*^2 2 5 7ldT^V;^i7 2 1 s y^Hf 

^tcs F^i|iJFEm-^^^lfiIg&2 2 5 6ti. |^#JCDM^O^tr»-:5V:^T^lf-A 
:t-:^XX^";^m#^bTatgb. ^#JFE{H^^^|HI&§2 5 4^^. ^#JcoM 

7^7=='-^ X:i7 2 1 8 7 }^m\z2-z>(DmmM^^'f^2m^^^7.^x:^^. 
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%'f'<:^^2 1 8 7«m^CD[Hl^iCT0$5bTl/i^o ^fc^ k-if2 1 0 9 «H/f 
^ CO A° '7 — b T 1/ i ^ o 

1f 2 1 0 <^f)^^\^tcmt. 3>J;<- M/>X2 4 3 0 D ¥ff D > 
lf~AX7°U u/iS^-2 2 5 6^»-r'i)o 
5 SmbTc^H-A 2 10 6 \^X(D%mVyX2 10 3 (dJ; D^7=' 

^Xi7 2 1 8 7±(cm7t$n-So m>^^n;^c^H-A«. >txVX^2 1 8 7± 

U ^7^— 2 2 5 6 i,zJ;:K)KM-^ti^o 
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An optical disc unit 2001 comprises: reflective surface 
detection means 1010 for detecting a reflective surface; 
focus control means (1202, 1003, 1009, 1008, 1003, 1012, 
1005 and 1204) for performing focus control to a reflective 
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tive surface is within a predetermined error limit; shift 
means 1007 for shifting the focal point of the optical beam 
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OPTICAL DISC UNIT 

TECHNICAL FIELD 

[0001] The present invention relates to an optical disc unit 
for recording information such as digital video information 
on an optical disc in high density and reproducing informa- 
tion recorded on an optical disc, and in particular, an optical 
disc unit which is capable of performing an accurate focus 
control to an information surface of an optical disc. 

BACKGROUND ART 

[0002] Recently, optical discs have been drawing attention 
as exchangeable media with a high capacity and an optical 
disc unit is expected to be used more widely as a video 
recorder in the future. One of the reasons why the optical 
disc is a high-capacity exchangeable medium is that it 
allows performance of recording/reproduction without con- 
tacting the medium. In other words, a laser beam is focused 
and an information recording layer of an optical disc is 
irradiated with the focal point thereof, and thus recording 
and reproduction are performed. Therefore, even when some 
dirt or dust is adhered on the surface of the disc, a head crash 
does not occur as it does, for example, in magnetic record- 
ing. 

[0003] However, such a characteristic of the optical disc is 
based on a major premise: a focus control, i.e., a control for 
maintaining the distance between the focal point of a con- 
vergence laser beam and the information recording layer 
within an allowable error limit is stably performed. Once the 
focus is out of control, an objective lens actuator of an 
optical head runs out of control and may crash into the 
optical disc surface. Such an off-focus frequently occurs 
particularly when focusing is performed, i.e., during the 
process of shifting a laser beam focal point into a capture 
range of the focus control and then closing a focus control 
loop, immediately after an optical disc drive is activated. 
Thus, conventionally, various methods of focusing have 
been studied. 

[0004] For example, in a method described in Japanese 
Laid-open Publication No. 9-115147, whether an initial 
laser beam focal point is close or far relative to the optical 
disc information recording layer is determined beforehand 
and the focusing process is performed in accordance with 
this initial state. When the focal point is determined to be 
close relative to the information recording layer, the objec- 
tive lens actuator is driven to bring the focal point closer to 
the information recording layer and when the focal point 
enters the capture range of the focusing, the operation is 
switched to a close loop operation of the focus control. 
Alternately, when it is determined to be far, the actuator is 
driven to be further, and then the operation is similarly 
switched to the close loop operation. 

[0005] However, the conventional method has the prob- 
lem of an increased rate of collision between an objective 
lens and the optical disc surface in the case where a working 
distance of the objective lens (the distance between the 
objective lens and the optical disc surface) is smaller than 
the wobbling of the optical disc. Specifically, there is no 
problem when the focusing is achieved with one attempt. 
However, if it fails, even though the objective lens actuator 
does not run out of control, in the case where the wobbling 



of the disc is greater than the working distance, there is a 
possibility that the disc collides into the objective lens. 

[0006] For the currently available CD players and DVD 
players, the NA (numerical aperture) of the objective lens is 
about 0.45 to 0.6 at most. Thus, it is possible to ensure a 
working distance of 0.5 mm or more. Therefore, wobbling of 
about 0.2 mm, which may usually occur, can be sufficiently 
absorbed. However, if the NA is raised to its limit in order 
to further increase the recording capacity in the future, the 
designed working distance of the objective lens becomes 
extremely small. For example, if the NA is 0.85, even if the 
thickness of a protective layer is lowered to about 0.1 mm 
(the thickness of a protective layer is 1.2 mm in a CD and 
0.6 mm in a DVD), the working distance is about 0.15 mm. 

[0007] The present invention was conceived in view of 
such problems. The objective of the present invention is to 
provide an optical disc unit for performing a focus control 
which is capable of significantly reducing the frequency of 
collisions of an objective lens into an optical disc surface 
even when a sufficient working distance of the objective lens 
is not ensured due to an increased capacity of the optical 
disc. 

[0008] As a conventional optical disc unit, there is an 
optical disc unit in which an optical beam generated from a 
light source such as a semiconductor laser is focused on and 
applied to an optical disc rotating with a predetermined 
rotation number and signals recorded on the optical disc are 
reproduced. The optical disc includes a plurality of tracks 
formed in spiral forms. The tracks are formed of grooves 
having concave and convex portions. A recording film of a 
phase-shift material or the like is attached to an information 
surface. For recording information on the optical disc, the 
strength of the optical beam is changed in accordance with 
the information, with a focus control performed such that a 
focal point of the optical beam is on the information surface, 
and with a tracking control performed such that the focal 
point is on the tracks. Thus, the reflectance of the recording 
film is varied. For reproducing information on the optical 
disc, light reflected off the optical disc is received at a 
photodetector, similarly, with the focus control performed 
such that a focal point of the optical beam is on the 
information surface and with the tracking control performed 
such that the focal point is on the tracks. The output of the 
photodetector is processed to reproduce the information. 

[0009] A focus error signal indicating misalignment 
between an information surface of an optical disc and a focal 
point of an optical beam is detected by astigmatic method or 
the Kke. The focus error signal becomes zero when the focal 
point is on the information surface. In general, the detection 
limit of the astigmatic method is about 10 ^m. Thus, for 
operating a focus control system, the objective lens is moved 
beforehand so as to shift the position of the focal point into 
the detection limit. The focus control is performed at the 
time when the focus error signal crosses zero. However, 
when the focal point passes the optical disc surface, the 
focus error signal also crosses zero. If the focus control is 
performed when zero-crossing occurs at the optical disc 
surface, the focal control is performed such that the focal 
point is positioned on the optical disc surface. In order to 
prevent this, the fact that the reflectance of the information 
surface is higher than that of the optical disc surface is 
utilized. More specifically, zero-crossing which occurs at the 
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recording surface is detected when the level of the total 
internal reflection amount is detected to exceed a predeter- 
mined level. 

[0010] Recently, a rewritable optical disc which has two 
information surfaces on one side of the optical disc has been 
proposed. Hereinafter, such an optical disc is referred to as 
a doublelayer optical disc. In the doublelayer optical disc, 
when information on the information surface further from 
the objective lens is reproduced, it is reproduced with an 
optical beam which has been transmitted through the infor- 
mation surface closer to the objective lens. Thus, the double - 
layer optical disc is designed such that the reflectance of the 
information surface closer to the objective lens is low. 

[0011] Accordingly, the amount of light from each of the 
information surfaces which is received at a photodetector 
becomes small. The optical disc having one information 
surface is referred to as a single-layer optical disc. 

[0012] As described above, the level of the total internal 
reflection amount at each of the information surfaces 
becomes low in the doublelayer optical disc. Thus, it is 
diilicult to distinguish the optical disc surface and the 

information surfaces based on the total internal reflection 
amount. This means that it is difficult to ensure the focusing 
to the information surface if the focusing is performed in a 
method similar to the conventional method. 

[0013] The present invention is conceived in view of the 
above-described problem. The objective of the present 
invention is to provide an optical disc unit which is capable 
to ensure the focusing to the information surface even in the 

case where diflerence between the amount of the total 
internal reflection off the optical disc surface and the amount 
of the total internal reflection off the information surface is 
small (for example, in the case where a doublelayer optical 
disc is used). 

DISCLOSURE OF THH INVENTION 

[0014] The present invention provides an optical disc unit 
for an optical disc having one or more information recording 
layers and one or more protective layers formed on the 
information recording layers, comprising: reflective surface 
detection means for detecting a reflective surface; focus 
control means for performing focus control to the reflective 
surface such that a distance between a focal point of an 
optical beam applied to the optical disc and the reflective 
surface is within a predetermined error limit; shift means for 
shifting the position of the focal point in a direction per- 
pendicular to the optical disc; and control means for con- 
troUing the focus control means and the shift means, wherein 
the control means controls the shift means such that the focal 
point of the optical beam shifts toward the protective layer 
until a surface of the protective layer is detected by the 
reflective surface detection means, the control means con- 
trols the focus control means to perform focus control to the 
surface of the protective layer when the surface of the 
protective layer is detected, the control means controls the 
shift means to release the focus control to the surface of the 
protective layer and shifts the focal point of the optical beam 
toward the information recording layer until a surface of the 
information recording layer is detected by the reflective 
surface detection means, and the control means controls the 
focus control means to perform focus control to the surface 
of the information recording layer when the surface of the 



information recording layer is detected, thereby achieving 
the above-described objectives. 

[0015] A feedback gain of the focus control to the surface 

of the protective layer and a feedback gain of the focus 
control to the surface of the information recording layer may 
be set such that the product of the feedback gain of the focus 
control to the surface of the protective layer and a reflectance 
of the surface of the protective layer is equal to the product 
of the feedback gain of the focus control to the surface of the 
information recording layer and a reflectance of the surface 
of the information recording layer. 

[0016] Information indicating the reflectance of the infor- 
mation recording layer may be formed beforehand on the 
surface of the protective layer, the control means may read 
the information from the surface of the protective layer 
while the focus control to the surface of the protective layer 
is performed, and may set the feed back gain of the focus 
control to the surface of the information recording layer 
based on the information. 

[0017] The reflectance of the surface of the protective 
layer may be 3% to 5%. 

[0018] The present invention provides an optical disc unit 
for an optical disc having one or more information surfaces 
having a plurality of tracks formed thereon, comprising: 
tracking error detection means for detecting a misalignment 
between an optical beam applied to the optical disc and one 
of the plurality of the tracks corresponding thereto, and 
outputting a tracking error signal indicating the misalign- 
ment; amplification detection means for detecting amplifi- 
cation of the tracking error signal; focus control means for 
performing focus control such that a distance between a 
focal point of the optical beam and the information surface 
is within a predetermined error limit; shift means for shifting 
the position of the focal point of the optical beam toward the 
optical disc; and control means for controlling the focus 
control means and the shift control means, wherein the 
control means controls the shift means such that the focal 
point of the optical beam is shifted in a direction traversing 
tracks formed on the information surface of the optical disc 
and approaches the optical disc with an operation of the 
focus control means stopped; and the control means allows 
the focus control means to start the operation only when the 
amplification of the tracking error signal is detected to 
become a predetermined value or higher by the amplification 
detection means, thereby achieving the above-described 
objectives. 

[0019] Each of the plurality of the tracks formed on the 
information surface may be wavy. 

[0020] An optical disc unit may further comprises zero- 
cross detection means for detecting that a focus error signal 
indicating a misalignment between the focal point of the 
optical beam and the information surface crosses zero, and 
the control means may start an operation of the focus control 
means when the amplification of the tracking error signal is 
detected to become the predetermined value or higher by the 
amplification detection means and the focus error signal is 
detected to cross zero by the zero-cross detection means. 

[0021] An optical disc unit may further comprise a band- 
pass filter, and the tracking error signal may be supplied to 
the amplification detection means via the band-pass filter. 
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[0022] The control means may control rotations of the 
optical disc such that the number of rotations of the optical 
disc when the amplification of the tracking error signal is 
detected by the amplification detection means is smaller than 
the number of rotations of the optical disc when information 
recorded on the information surface of the optical disc is 
being reproduced. 

[0023] The control means may control strength of the 

optical beam such that strength of the optical beam when the 
amplification of the tracking error signal is detected by the 
amplification detection means is smaller than strength of the 
optical beam when information recorded on the information 
surf ace of the optical disc is being reproduced. 

[0024] The control means may perform the focus control 
with rotations of the optical disc stopped and controls the 
rotations of the optical disc such that the optical disc starts 
to rotate after the distance between the focal point of the 
optical beam and the information surface is detected to be 
within the predetermined error Hmit. 

[0025] The present invention provides an optical disc unit 
for an optical disc having one or more information surfaces, 
comprising: focus error detection means for outputting a 
focus error signal indicating a misalignment between a focal 
point of an optical beam applied to the optical disc and a 
predetermined surface; shift means for shifting the position 
of the focal point of the optical beam in a direction perpen- 
dicular to the optical disc; focus control means for perform- 
ing focus control to the predetermined surface such that a 
distance between the focal point of the optical beam and the 
predetermined surface is within a predetermined error limit 
by controlling the shift means based on the focus error 
signal; zero -cross detection means for detecting that the 
focus error signal crosses zero; and control means for 
controlling the focus control means and the shift means, 
wherein the control means controls the shift means such that 
the focal point of the optical beam shifts in a first direction 
toward a surface of the optical disc until the focus error 
signal is detected to cross zero for the first time by the 
zero-cross detection means, the control means controls the 
shift means such that, when the focus error signal is detected 
to cross zero for the first time, the focal point of the optical 
beam further shifts in the first direction by a predetermined 
distance which is larger than a distance between the surface 
of the optical disc and the information surface, the control 
means controls the shift means such that, until the focal 
point of the optical beam has been further shifted in the first 
direction by the predetermined distance and when the focus 
error signal is detected to cross zero for the second time by 
the zero-cross detection means, the focal point of the optical 
beam is shifted toward the information surface in a second 
direction opposite to the first direction, and the control 
means controls the focus control means to perform the focus 
control to the information surface when the focus error 
signal is detected to cross zero for the second time, thereby 
achieving above-described objectives. 

[0026] The control means may perform the focus control 
with rotations of the optical disc stopped and controls the 
rotations of the optical disc such that the optical disc starts 

to rotate after the distance between the focal point of the 
optical beam and the information surface is detected to be 
within the predetermined error Hmit. 

[0027] The present invention provides an optical disc unit 
for an optical disc having one or more information surfaces. 



comprising: focus error detection means for outputting a 
focus error signal indicating a misalignment between a focal 
point of an optical beam applied to the optical disc and a 
predetermined surface; shift means for shifting the position 
of the focal point of the optical beam in a direction perpen- 
dicular to the optical disc; focus control means for perform- 
ing focus control to the predetermined surface such that the 
distance between the focal point of the optical beam and the 
predetermined surface is within a predetermined error limit 
by controlling the shift means based on the focus error 
signal; zero-cross detection means for detecting that the 
focus error signal crosses zero; and control means for 
controlling the focus control means and the shift means, 
wherein the control means controls the shift means such that 
the focal point of the optical beam shifts toward the surface 
of the optical disc imtil the focus error signal is detected to 
cross zero for the first time by the zero-cross detection 
means, the control means controls the focus control means 
to perform focus control to the surface of the optical disc 
when the focus error signal is detected to cross zero for the 
first time, the control means stores displacement information 
indicating displacement of the shift means in accordance 
with a rotation angle of the optical disc in storage means 
while the focus control to the surface of the optical disc is 
performed, the control means controls the shift means such 
that the focal point of the optical beam shifts toward the 
information surface based on the displacement information 
stored in the storage means with an operation of the focus 
control means stopped until the focus error signal is detected 
to cross zero for the second time by the zero-cross detection 
means, and the control means controls the focus control 
means to perform the focus control to the information 
surface when the focus error signal is detected to cross zero 
for the second time, thereby achieving above-described 
objectives. 

[0028] The focus control means may control phase com- 
pensation such that a band in which a phase leads is wider, 
compared to when information recorded on the optical disc 
is being reproduced, for a predetermined period after the 
focus control means has started the operation. 

[0029] The focus control means may set a gain such that 
the gain is smaller, compared to when information recorded 
on the optical disc is being reproduced, for a predetermined 
period after the focus control means has started the opera- 
tion. 

[0030] The present invention provides an optical disc unit 
for an optical disc having a plurality of information surfaces, 
comprising: photodetection means for detecting light 
reflected off the optical disc when an optical beam is applied 
to a predetermined surface among the plurality of informa- 
tion surfaces; focus error detection means for outputting a 
focus error signal indicating a misalignment between a focal 
point of the optical beam and the predetermined information 
surface based on an output from the photodetection means; 
total internal reflection amount detection means for detect- 
ing an amount of total internal reflection off the optical disc 
based on the output from the photodetection means; and 
normalization means for generating a normalized focus error 
signal by dividing the focus error signal by a value obtained 
by subtracting a signal value corresponding to a reflection 
amount reflected off information surfaces other than the 
predetermined information surface of the optical disc from 
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the output of the total internal reflection amount detection 
means, thereby achieving the above -described objectives. 

[0031] An optical disc unit may further comprises: shift 
means for shifting the position of the focal point of the 

optical beam in a direction perpendicular to the optical disc; 
focus control means for performing focus control such that 
a distance between the focal point of the optical beam and 
the predetermined information surface is within a predeter- 
mined error limit by controlling the shift means based on the 
normalized focus error signal; and focus gain measurement 
means for measuring a gain of a system of the focus control, 
and the signal value may vary depending on an output from 
the focus gain measurement means. 

[0032] An optical disc unit may further comprises shift 
means for shifting the position of the focal point of the 
optical beam in a direction perpendicular to the optical disc, 
and the signal value may vary such that amphfication of the 
normalized focus error signal is a constant value when the 
shift means is driven such that the focal point of the optical 
beam passes through the predetermined information surface 
of the optical disc. 

[0033] The signal value may vary depending on each of 
the plurality of the information surfaces. 

[0034] An optical disc unit may further comprises stray 
light detection means for detecting light reflected off infor- 
mation surfaces other than the predetermined information 
surface of the optical disc on which the focal point of the 
optical beam is located, and the signal value may vary based 
on an output from the stray light detection means. 

[0035] An optical disc unit may further comprises: shift 
means for shifting the position of the focal point of the 
optical beam in a direction perpendicular to the optical disc; 
and control means for controlhng the shift means based on 
the normalized focus error signal so as to control the shift 
means to shift the focal point of the optical beam to 
information surfaces other than the predetermined informa- 
tion surface of the optical disc. 

[0036] The photodetection means may furttier include 
optical beam splitting means for splitting Ught reflected off 
the optical disc into light of an inner region near an optical 
axis and light of an outer region far from the optical axis; the 
focus error detection means may include inner focus error 
detection means for detecting a misaUgnment between the 
focal point of the optical beam and the predetermined 
information surface of the optical disc based on the light of 
the inner region, and outer focus error detection means for 
detecting the misalignment between the focal point of the 
optical beam and the predetermined information surface of 
the optical disc based on the light of the outer region; and the 
control means may control the shift means based on at least 
one of an output from the inner focus error detection means 
and an output from the outer focus error detection means so 
as to control the shift means to shift the focal point of the 
optical means to information surfaces other than the prede- 
termined information surface of the optical disc. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] FIG. 1 is a block diagram showing an exemplary 
structure of an optical disc imit according to Embodiment 1 
of the present invention; 



[0038] FIG. 2A shows a change in the position of a focal 
point of a convergence laser beam over sequences 1 through 

4; 

[0039] FIG. 2B shows a change in a focus error signal FH 

over the sequences 1 through 4; 

[0040] FIG. 3 shows an example of an optical disc on 
which disc information is formed on a surface of a protective 

layer; 

[0041] FIG. 4 is a block diagram showing an exemplary 
structure of an optical disc unit according to Embodiment 2 
of the present invention; 

[0042] FIG. 5 shows an example of a change in the FE 
signal; 

[0043] FIG. 6 schematicaUy shows tracks formed on the 
optical disc; 

[0044] FIG. 7 shows a waveform of a TE signal when the 
optical beam traverses the tracks; 

[0045] FIG. 8 shows waveforms of the signals when the 

objective lens gradually approaches the information surface 
of the optical disc; 

[0046] FIG. 9 shows waveforms of the signals when 
focusing is being performed; 

[0047] FIG. 10 is a block diagram showing an exemplary 
structure of an optical disc unit of Embodiment 3; 

[0048] FIG. 11 shows a plurality of tracks formed on the 
information surface of the optical disc; 

[0049] FIG. 12 shows waveforms of the signals when the 
optical beam traverses the tracks with the focus control 
being performed; 

[0050] FIG. 13 shows waveforms of the signals used in 
the optical disc unit; 

[0051] FIG. 14 is a block diagram showing an exemplary 
structure of the optical disc unit according to Embodiment 4 

of the present invention; 

[0052] FIG. 15 shows waveforms of the signals used in 
the optical disc unit; 

[0053] FIG. 16 is a block diagram showing an exemplary 
structure of an optical disc unit according to Embodiment 5 
of the present invention; 

[0054] FIG. 17 shows waveforms of the signals used in 
the optical disc unit; 

[0055] FIG. 18 shows an exemplary structure of an optical 
disc unit according to Embodiment 6 of the present inven- 
tion; 

[0056] FIG. 19 is a block diagram showing an exemplary 
structure of a phase compensation circuit; 

[0057] FIG. 20 shows phase characteristics of the circuits 

included in the phase compensation circuit; 

[0058] FIG. 21 shows waveforms when the focusmg is 
being performed; 

[0059] FIG. 22 illustrates a working distance; 
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[0060] FIG. 23 is a block diagram showing an exemplary 
structure of an optical disc unit according to Embodiment 7 
of the present invention; 

[0061] FIG. 24 illustrates a doublelayer optical disc 2187 

and an optical beam 2106; 

[0062] FIG. 25 shows waveforms of the signals used in 
the optical disc unit; 

[0063] FIG. 26 is a block diagram showing an exemplary 
structure of an optical disc unit according to Embodiment 8 
of the present invention; 

[0064] FIG. 27 schematically shows a structure of a 
photodetector; 

[0065] FIG. 28 is a block diagram showing an exemplary 
structure of an optical disc imit according to Embodiment 9 
of the present invention; 

[0066] FIG. 29 shows waveforms of the signals used in 
the optical disc unit; 

[0067] FIG. 30 is a block diagram showing an exemplary 
structure of an optical disc unit according to Embodiment 10 
of the present invention; 

[0068] FIG. 31 illustrates outer and inner focal points of 
the optical beam when the controlling FE signal is zero at the 
first information surface; 

[0069] FIG. 32 shows waveforms of an outer FE signal 
and an inner FE signal; and 

[0070] FIG. 33 shows waveforms of the signals used in 
the optical disc unit. 

BEST MODE FOR CARRYING OUT THE 

INVENTION 

[0071] Hereinafter, embodiments of the present invention 
will be described with reference to the drawings. 

[0072] (Embodiment 1) 

[0073] FIG. 1 shows an exemplary structure of an optical 
disc unit 1001 according to Embodiment 1 of the present 
invention. 

[0074] The optical disc unit 1001 records information on 
an optical disc 1100 and reproduces information recorded on 
the optical disc 1100. The optical disc 1100 has an infor- 
mation recording layer 1120 and a protective layer 1110 
formed on the information recording layer 1120. 

[0075] The optical disc imit 1001 includes an optical head 
1002 for irradiating the information recording layer 1120 
with a convergence laser beam. 

[0076] The optical head 1002 includes a laser light source 
1201, light receiving means 1202, an objective lens actuator 
1204, and an objective lens 1203. 

[0077] The laser light source 1201 outputs a laser beam. 
The laser beam output from the laser light source 1201 is 
focused with the objective lens 1203. As a result, the optical 
disc 1100 is irradiated with the convergence laser beam. The 
convergence laser beam reflected off the optical disc 1100 
passes through the objective lens 1203 and is received by the 
light receiving means 1202. The objective lens 1203 is 
driven by the objective actuator 1204. 



[0078] The light receiving means 1202 is formed of, for 
example, light receiving sections divided into plural parts. A 
group of signals output from the light receiving means 1202 
(DOUT) are supplied to focus error calculation means 1003 
and information reading means 1011. The focus error cal- 
culation means 1003 generates a focus error signal (FE) 
from the signal group DOUT. The focus error signal varies 
in accordance with the distance between the focal point of 
the convergence laser beam and a reflective surface (a 
surface of the protective layer 1110 or the information 
recording layer 1120, which will be described in detail later). 
The focus error signal FE feeds back to the objective lens 
actuator 1204 of the optical head 1002 via a gain amplifier 
1009, a switch 1008, adding means 1004, low-frequency 
compensation means 1012, and an actuator driver 1005. 

[0079] Thus, a focus control loop for performing focus 
servo by the light receiving means 1202, the focus error 
calculation means 1003, the gain amplifier 1009, the switch 
1008, the adding means 1004, the low-frequency compen- 
sation means 1012, the actuator driver 1005, and the objec- 
tive lens actuator 1204 is formed. The switch 1008 is used 
for opening and closing the focus control loop. The adding 
means 1004 is used for adding the output signal of focal 
point shift means 1007, which wifl be described later, to the 
focus control loop. 

[0080] The light receiving means 1202, the focus error 
calculation means 1003, the gain amplifier 1009, the switch 
1008, the adding means 1004, the low-frequency compen- 
sation means 1012, the actuator driver 1005, and the objec- 
tive lens actuator 1204 act as focus control means for 
performing the focus control to the reflective surface such 
that the distance between the focal point of the convergence 
laser beam and the reflective surface is within a predeter- 
mined error limit by driving the objective lens actuator 1204 
based on the focus error signal FE. 

[0081] The focal point shift means 1007 forcibly shifts the 

focal point of the convergence laser beam vertically with 
respect to the optical disc surface. The output signal of the 
focal point shift means 1007 is added to the focus control 
loop by the adder 1004. 

[0082] A sequencer 1006 controls the focal point shift 
means 1007 and the foais control means. The sequencer 
1006 controls the focus control means by switching the 
switch 1008 between on and off. When the switch 1008 is 
on, the focus control loop is closed, and thus the focus 
control means operates. When the switch 1008 is off, the 
focus control loop is open, and thus the operation of the 
focus control means stops. 

[0083] The sequencer 1006 may be formed of, for 
example, microprocessors with programs for generating 
sequences 1 through 4 which wifl be described later incor- 
porated therein. 

[0084] Hereinafter, with reference to FIGS. 2A and 2B, a 
function of the sequencer 1006 will be explained. The 
sequencer 1006 sequentially performs the following 
sequences 1 through 4. FIG. 2A shows the change in the 
position of the focal point of the convergence laser beam 
over the sequences 1 through 4. FIG. 2B shows the change 
in the focus error signal FE over the sequences 1 through 4. 
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[0085] (Sequence 1) 

[0086] The sequencer 1006 controls the focal point shift 
means 1007 such that the focal point of the convergence 
laser beam shifts toward the protective layer 1110. Such a 

control is performed by, for example, the sequencer 1006 
issuing command M to the focal point shift means 1007. In 
response to the command M, a DC current is supplied to the 
objective lens actuator 1204. Therefore, the objective lens 
1203 moves at a predetermined speed in a direction perpen- 
dicular to the optical disc 1100. 

[0087] In sequence 1, the switch 1008 is turned off. Thus, 

the focus control loop is open and the focus control means 
is stopped. 

[0088] Sequence 1 ends when a reflective surface (i.e., a 
surface of the protective layer 1110) is detected by reflective 
surface detection means 1010. 

[0089] The reflective surface can be detected by, for 
example, detecting that the focus error signal FE exceeds a 
predetermined threshold value (V^j^ (FIG. 2B). Such a 
detection can be performed by utilizing a specific charac- 
teristic of the focus error signal that, when the distance 
between the focal point of the convergence laser beam and 
the reflective surface is short (i.e., within a detectable range), 
a focus error signal having an amplitude approximately 
proportional to a focus error can be obtained, but when the 
distance is out of the detectable range, a signal having such 
amplitude cannot be obtained (the so-called s-shape char- 
acteristic). 

[0090] (Sequence 2) 

[0091] The sequencer 1006 controls the focus control 
means so as to perform the focus control to the surface of the 
protective layer 1110. This is performed by switching the 
switch 1008 from off to on. The reflective surface detection 
means 1010 outputs an output pulse signal P when reflective 
surface detection means 1010 detects that the focus error 
signal FE exceeds the predetermined threshold value (V^i^). 
In response to an edge of the output pulse signal P, the 
sequencer 1006 generates a loop-on-signal (LON) for clos- 
ing the switch 1008. Thus, the switch is turned on, and the 
focus control to the surface of the protective layer 1110 is 
started. 

[0092] Sequence 2 ends when the focus control to the 
surface of the protective layer 1110 is stabilized. For 
example, after a predetermined time period has passed from 
the beginning of the focus control, there is no problem to 
regard that the focus control is stabilized. The predetermined 
time period is preferably about ten times (or more) of a 
response time period determined depending on the focus 
control band. For example, if the response time correspond- 
ing to the focus control band of 10 kHz is 0.1 ms, the 
predetermined time period is preferably 1 ms(=0.1 msxlO) 
or more. 

[0093] (Sequence 3) 

[0094] The sequencer 1006 releases the focus control to 
the surface of the protective layer 1110. This is performed by 
switching the switch 1008 from on to off. 

[0095] Then, the sequencer 1006 controls the focal shift 
means 1007 such that the focal point of the convergence 
laser beam shifts toward the information recording layer 



1120. Such a control is performed by, for example, the 
sequencer 1006 issuing command M to the focal point shift 
means 1007. In response to the command M, a DC current 
is supplied to the objective lens actuator 1204. Thus, the 
objective lens 1203 moves at a predetermined speed in a 
direction perpendicular to the optical disc 1100. 

[0096] Sequence 3 ends when a reflective surface (i.e., the 
surface of the information recording layer 1120) is detected 
by the reflective surface detection means 1010. 

[0097] The reflective surface is detected by the same 
method as the method described with respect to sequence 1. 

[0098] (Sequence 4) 

[0099] The sequencer 1006 controls the focus control 
means so as to perform the focus control to the surface of the 
information recording layer 1120. l^his is performed by 
switching the switch 1008 from ofl^ to on. 

[0100] The sequence 4 ends when the focus control to the 
information recording layer 1120 is stabilized. 

[0101] As described above, with the optical disc unit 1001 
according to the present invention, focusing having two 
steps is performed with the control by the sequencer 1006. 
The first step of the focusing is the focusing to the surface 
of the protective layer 1110. The second step of the focusing 
is the focusing to the surface of the information recording 
layer 1120. With such a focusing having two steps, a risk of 
the objective lens 1203 colliding into the optical disc 1100 
can be significantly reduced. The reason will be described in 
detail below. 

[0102] In sequences 1 and 2, the first step of the focusing 
is performed to the surface of the protective layer 1110 not 

to the surface of the information recording layer 1120. The 
focusing is performed to a position which is distant from that 
in a conventional method by the thickness of the protective 
layer 1110. In other words, the working distance is extended 
by the thickness of the protective layer 1110. 

[0103] For example, if the original working distance (i.e., 
the distance between the surface of the protective layer 1110 

and the objective lens 1203 when the focus is on the 
information recording layer 1120) is 150 jum, the substantial 
working distance is 250 jum, which is the original working 
distance plus the thickness of the protective layer 1110, 100 
jum. Therefore, even if wobbling of about 200 jum is gener- 
ated by rotations of the optical disc 1100, it is possible to 
avoid collision of the objective lens 1203 into the surface of 
the protective layer 1110 due to a focusing faflure in most 
cases. 

[0104] In addition, in sequence 2, tracking control to the 
wobbling of the optical disc 1100 is performed. Thus, in 
sequences 3 and 4, the influence of the wobbling of the 
optical disc 1100 can be virtually ignored. This is because 
the information recording layer 1120 and the protective layer 
mo undergo the same wobbling. 

[0105] In sequence 4, the relative speed of the information 
recording layer 1120 to which the focusing is going to be 
performed and the objective lens 1203 is substantially zero. 
Thus, the optical disc 1100 can be regarded to be substan- 
tially static (in the direction of wobbling). In sequence 3, the 
focus control loop is blocked, but the operation state of the 
actuator before blocking the focus control loop is kept 
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almost as it is. As a result, in sequences 3 and 4, the focusing 
to the information recording layer 1120 can be performed 
almost surelv. 

[0106] As described above, according to Embodiment 1 of 

the present invention, even if the optical head having the 
objective lens of high NA is used, it is possible to avoid the 
collision of the objective lens into the surface of the optical 
disc as much as possible by performing the focus control to 
the surface of the protective layer 1110, and then performing 
the focus control to the information recording layer 1120. 

[0107] Usually, the reflectance RlllO of the surface of the 
protective layer 1110 and the reflectance R1120 of the 
information recording layer 1120 are different. The 
sequencer 1006 appropriately sets a gain using a gain 
amplifier 1009 in order to correct differences between the 
reflectance RlllO and the reflectance R1120. 

[0108] A feedback gain GlllO when the focus control to 
the surface of the protective layer 1110 is performed in 
sequence 2 and a feedback gain G1120 when the focus 
control to the surface of the information recording layer 
1120 is performed in sequence 4 are preferably set to meet 
formula (1). 

/?1110xG1110=/?1120xG1120 (1) 

[0109] GlllO and G1120 are preferably set such that the 
product of RlllO and GlllO equals the product of R1120 
and G1120. 

[0110] Setting the feedback gains GlllO and G1120 to 
meet formula (1) enables a loop gain of the entire control 
system to be maintained constant. As a result, it is possible 
to perform a stable focus control to either of the surface of 
the protective layer 1110 and the surface of the information 
recording layer 1120. 

[0111] The reflectance RlllO of the surface of the protec- 
tive layer 1110 is uniquely determined by the refractive 
index of the protective layer 1110. On the other hand, the 
reflectance R1120 of the surface of the information record- 
ing layer 1120 significantly varies depending on the material 
of the information recording layer 1120. For example, if the 
material of the protective layer 1110 is a polycarbonate resin, 
which is commonly used, the reflectance of the surface of 
the protective layer 1110 is in the range of about 3 to 5%. 
The reflectance R1120 of the surface of the information 
recording layer 1120 is in the range of 5 to 20% in the case 
of a recordable and erasable media (for example, a phase 
change film), 20 to 50% in the case of a rewTitable media 
(for example, a pigment type material), and 70 to 90% in the 
case of read-only media (for example, an aluminum reflec- 
tive film). The reflectance R1120 of the surface of the 
information recording layer 1120 significantly varies 
depending on the material thereof. Thus, there is no guar- 
antee that the relationship which meets formula (1) is 
established unless the reflectance R1120 of the surface of the 
information recording layer 1120 is known at the Lime of the 
focusing. Thus, there may be the case where the focusing to 
the information recording layer 1120 caimot be performed 
stablv. 

[0112] In order to surely obtain the reflectance R1120 of 
the surface of the information recording layer 1120, for 
example, information indicating the reflectance R1120 may 
be formed on the surface of the protective layer 1110 of the 



optical disc 1100 beforehand so as to allow the information 
indicating R1120 to be read from the surface of the protec- 
tive layer 1110 by using the information reading means 1011 
during sequence 2 (i.e., during the focusing to the surface of 
the protective layer 1110). In sequence 4, the sequencer 1006 
sets a control gain based on the reflectance R1120 using the 
gain amplifier 1009. 

[0113] FIG. 3 shows an example of an optical disc on 
which disc information 1112 is formed on the surface of the 
protective layer 1110. The information indicating the reflec- 
tance R1120 of the surface of the information recording 
layer 1120 is included in at least part of the disc information 
1112. The disc information 1112 may be a bar code directly 
printed on the surface of the protective layer 1110 or may be 
a label with a bar code or the like printed which is to be 
attached. The information reading means 1011 may have any 
structure as long as it compares every addition signal of the 
signal group DOUT which is output from the light receiving 
means 1202 with a predetermined threshold value and 
converts the bar code into a binary value based on the 
comparison result for detection. 

[0114] (Embodiment 2) 

[0115] FIG. 4 shows an exemplary structure of the optical 
disc unit 2002 according to Embodiment 2 of the present 
invention. 

[0116] In the present embodiment, a photodetector 2113 
and a TE signal generation circuit 2102, which will be 
described later, act as tracking error detection means. The 
tracking error detection means detects a misalignment 
between an optical beam applied to an optical disc 2100 
having an information surface with a plurality of tracks 
formed thereon and one of the tracks which corresponds 
thereto, and outputs a tracking error signal which indicates 
the misaUgnment. 

[0117] rhe photodetector 2113, an FE signal generation 
circuit 2115, a phase compensation circuit 2116, a power 
amplifier 2118 and an actuator 2104 act as focus control 
means. The focus control means performs a focus control 
such that a distance between a focal point of the optical 
beam and the information surface of the optical disc 2100 is 
within a predetermined error limit. 

[0118] A microcomputer 2122 acts as control means for 
controlling the focus control means and the actuator 2104 
(shift means). 

[0119] The optical disc 2100 is aUached to a motor 2127 
and rotates with a predetermined number of rotations. The 
motor 2127 is controlled by a motor control circuit 2126. 
The number of rotations of the motor 2127 is set by the 
microcomputer 2122. 

[0120] ITie optical disc 2100 has an information siirface 
with a plurality of tracks formed thereon (not shown in FIG. 
4, see FIGS. 6 and 22). The plurality of tracks are formed 
in spiral forms with concave and convex portions. The 
optical disc 2100 may be a single-layer disc or may be a 
multflayer disc, including a doublelayer disc. 

[0121] A laser 2109, a coupling lens 2108, a polarized 
hght beam spHtter 2110, a Va waveplate 2107, a total internal 
reflection mirror 2105, the photodetector 2113, and the 
actuator 2104 are attached to the optical head 2114. 
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[0122] The laser 2109 is connected to a laser control 
circuit 2101. The laser control 2101 drives the laser 2109 so 
as to have the light emitting power set by the microcomputer 
2122. An optical beam 2106 generated by the laser 2109 
attached to the optical head 2114 is collimated into parallel 
light by the coupling lens 2108, and passes through the 
polarized light beam splitter 2110 and the V4 waveplate 2107. 
Then, the light is reflected off the total internal reflection 
mirror 2105 and focused and applied onto the information 
surface of the optical disc 2100 by an objective lens 2103. 

[0123] The light reflected off the information surface of 
the optical disc 2100 passes the objective lens 2103 and is 
reflected off the total internal reflection mirror 2105. Then, 
it passes through the waveplate 2107, the polarized light 
beam splitter 2110, a detection lens 2111, and a cylindrical 
lens 2112 and incident in the photodetector 2113 comprising 
four light receiving sections. The objective lens 2103 is 
attached to a movable portion of the actuator 2104. The 
actuator 2104 which acts as both the focusing direction shift 
means and the tracking direction shift means includes a 
focusing coil, a tracking coil, a permanent magnet for 
focusing, and a permanent magnet for tracking. When a 
voltage is applied to the focusing coil of the actuator 2104 
by using the power amplifier 2118, a current flows through 
the coil. The coil receives a magnetic force from the per- 
manent magnet for focusing. 

[0124] Thus, the objective lens 2103 moves in a direction 

perpendicular to the information surface of the optical disc 
2100 (an up-and-down direction in the figure). The objective 
lens 2103 is controlled based on the focus error signal which 
indicates a misalignment between the focal point of the 
optical beam and the information surface of the optical disc 
such that the focal point of the optical beam 2106 is always 
on the information surface of the optical disc 2100. 

[0125] When a voltage is applied to the tracking coil by 
using a power amplifier 2125, a current flows through the 
coil. The coil receives a magnetic force from the permanent 
magnet for tracking. Thus, the objective lens 2103 moves in 
a radial direction of the optical disc 2100 (a direction 
traversing the tracks on the optical disc 2100, a right-and-left 
direction in the figure). 

[0126] The photodetector 2113 is formed of four light 
receiving sections. The light reflected off the optical disc and 
incident on the photodetector 2113 is sent to the focus error 
signal generation circuit 2115 (hereinafter, referred to as the 
FK signal generation circuit 2115) and a tracking error signal 
generation circuit 2102 (hereinafter, referred to as the TE 
signal generation circuit 2102). The FE signal generafion 
circuit 2115 generates a focus error signal (hereinafter, 
referred to as flie FE signal) which indicates a misalignment 
between the focal point of the optical beam 2106 and the 
information surface of the optical disc 2100. 

[0127] The optical system shown in FIG. 4 has a structure 
which implements a detection scheme of the FE signal 
which is generally referred to as an astigmatism method. The 
FE signal is sent to the power amplifier 2118 via a phase 
compensation circuit 2116 and a switch 2117. 

[0128] A current flows to the focusing coil of the actuator 
2104 by the power amplifier 2118. The phase compensation 
circuit 2116 is a filter which forwards a phase for stabilizing 
the focus control system. Thus, the objective lens 2103 is 



driven in response to the FE signal and the focal point of the 
optical beam 2106 is always on the information surface. 

[0129] The switch 2117 switches between a connection of 
a terminal a and a terminal c, and a connection between a 

terminal b and the terminal c in accordance with a potential 
at a control terminal d. In the present embodiment, when the 
potential at the control terminal d is high, the terminal c and 
the terminal a are connected. When the potential is low, the 
terminal c and the terminal b are connected. The FE signal 
is also sent to a zero-cross detection circuit 2119. When the 
zero-cross detection circuit 2119 detects that the FE signal 
crosses zero, it outputs a pulse signal. Hereinafter, the pulse 
is referred to as a zero-cross signal. 

[0130] The optical system shown in FIG. 4 has a structure 
which implements a tracking error signal detection scheme 
which is generally referred to as a push-pull method. Here- 
inafter, the tracking error signal is referred to as the TE 
signal. The TE signal generation circuit 2102 detects a 
misalignment between the optical beam 2106 focused and 
applied onto the information surface of the optical disc 2100 
with the plurality of tracks formed thereon and the tracks of 
the optical disc 2100 by the push-pull method. ITie TE signal 
is sent to a comparator 2128 via a band-pass filter 2120 
(hereinafter, referred to as BPF 2120) and an amplification 
detection circuit 2121. 

[0131] The output from the comparator 2128 is sent to the 
microcomputer 2122. A ramp generation circuit 2123 gen- 
erates a signal which varies in a constant rate (i.e., a ramp 
waveform). The time period for generating the ramp wave is 
set by the microcomputer 2122. The output from the ramp 
generation circuit 2123 is sent to the power amplifier 2118 
via the switch 2117. The switch 2117 is switched by the 
microcomputer 2122. A sine wave generation circuit 2124 
generates sine wave. The time period for generating the sine 
wave is set by the microcomputer 2122. The output from the 
sine wave generation circuit 2124 is sent to the power 
amplifier 2125. 

[0132] Now, an operation of focusing is described. The 
microcomputer 2122 sets the predetermined number of 

rotations to the motor control circuit 2126, and then sets the 
predetermined light-emitting power to the laser control 
circuit 2101. The microcomputer 2122 makes the potential 
at the control terminal d of the switch 2117 low to connect 
the terminal c and the terminal b. At this time, the focus 
control is not being performed. The ramp generation circuit 
2123 is activated to output the ramp wave. The current 
according to the ramp wave flows through the focusing coil 
by the power amplifier 2118. 

[0133] The objective lens 2103 moves toward the optical 
disc 2100 (in an upper direction in the figure). At the same 
time, the microcomputer 2122 activates the sine wave gen- 
eration circuit 2124 and a sine current flows through the 
tracking cofl by the power amplifier 2125. The objective lens 
2103 wobbles in a sine wave form in a direction traversing 
the tracks. 

[0134] As described above, the objective lens 2103 
approaches the optical disc 2100 with wobbling in the 
direction traversing the tracks. When the focal point of the 
optical beam 2106 approaches the information surface of the 
optical disc 2100 and begins to traverse the tracks, the TE 
signal from the TE signal generation circuit 2102 is in the 
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sinc-wavc form. The TE signal is sent to the amplification 
detection circuit 2121 via the BPF 2120. Amplification 
detection means, i.e., the amplification detection circuit 
2121, measures the ampHfication of the TE signal with the 
optical beam moving in a direction orthogonal to the tracks. 
BPF 2120 removes noises. The passband of the BPF 2120 is 
the frequency of the TE signal. The frequency of the TE 
signal depends on the pitch and decentration of the tracks 
and the number of rotations of the optical disc. In terms of 
a usual optical disc unit and an optical disc, it ranges from 
tens Hz to several KHz. 

[0135] The amplification of the TE signal is detected by 
the amplification detection circuit 2121. When the amplifi- 
cation of the detected TE signal becomes a predetermined 
value or higher, the output from the comparator 2128 
becomes high and the focal point of the optical beam is 
detected to be near the information surface. Then, the focal 
point of the optical beam passes the information surface. The 
FE signal which is output from the FE signal generation 
circuit 2115 crosses zero. At this time, the zero-cross signal 
is output from zero-cross detection means, i.e., the zero- 
cross detection circuit 2119. 

[0136] The microcomputer 2122 judges that the focal 
point is on the information surface of the optical disc 2100 
when the output from the comparator 2128 is at the high- 
level and when the zero-cross signal is output from the 
zero-cross detection circuit 2119. In this case, the micro- 
computer 2122 makes the potential at the control terminal d 
high and connects the terminal c and the terminal a of the 
switch 2117 to start the focus control operation. 

[0137] The microcomputer 2122 controls rotations of the 
optical disc 2100 so that the number of rotations of the 
optical disc 2100 when the amplification detection circuit 
2121 detects the amplification of the TE signal is smaller 
than the number of the rotations of the optical disc 2100 
when the information recorded on the information surface of 
the optical disc 2100 is being reproduced. Such a control is 
achieved by, for example, by controlling the number of 
rotations of rotation means for rotating the optical disc, i.e., 
the motor 2127. The microcomputer 2122 increases the 
number of rotations of the motor 2127 to the normal munber 
of rotations for reproducing information after the focus 
control has been started. By lowering the number of rota- 
tions of the optical disc 2100 when the amplification of the 
TE signal is being detected as described above, the speed of 
in the focusing direction to the information surface, which 
may be increased due to the wobble of the optical disc 2100, 
can be decreased. Accordingly, the time period during which 
the information surface is in the depth of focus can be 
longer, and thus the number of tracks across which the 
optical beam 2106 traverses can be increased. As a result, it 
is possible to detect the ampHfication of the TE signal 
accurately. 

[0138] The microcomputer 2122 controls the strength of 
the optical beam such that the optical beam when the 
amplification detection circuit 2121 detects the amplification 
of the TE signal is smaller than the strength of the optical 
beam when the information recorded on the information 
surface of the optical disc 2100 is being reproduced. Such a 
control is achieved by controlling the Hght-emitting power 
of the laser 2109. The microcomputer 2122 increases the 
light-emitting power of the laser 2109 to the normal power 



for reproducing the information after the focus control has 
been started. By lowering the power of the optical beam 
when the amplification of the TE signal is being detected as 
described above, the information recorded on the optical 
disc 2100 can be prevented from being destroyed. 

[0139] FIG. 5 shows an example of a change in the FE 
signal. In FIG. 5, a horizontal axis indicates a distance 
between the focal point of the optical beam 2106 focused 
with the objective lens 2103 and the information surface of 
the optical disc 2100. A vertical axis indicates the level of the 
FE signal. The FE signal has a waveform similar to an 
s-shape. Hereinafter, the waveform is referred to as the 
s-shapc waveform. The zero level of the FE signal indicates 
that the focal point of the optical beam matches the infor- 
mation surface (i.e., is focused). The level of the FE signal 
is at the maximum value when the distance is about 10 //m. 
As the distance becomes longer, the FE signal comes closer 
to zero. Thus, before the focus control operation, it is 
required to perform an initial operation for the focus control 
to bring the distance between the focal point of the optical 
beam 2106 and the information surface in the range L of 
FIG. 5. 

[0140] FIG. 6 schematically shows the tracks formed on 
the optical disc 2100. The optical beam 2106 is applied from 
the lower side in the figure. The tracks arc convex portions 
with respect to the lower side in the figure. In FIG. 6, the 
information surface of the optical disc 2100 is indicated by 
the reference numeral 2101 and the surface of the optical 
disc 2100 is indicated by the reference numeral 2102. 

[0141] The tracking error detection scheme which is gen- 
erally called a push-pull method is described. The push-pull 
method is also referred to as a far-field method. In this 

method, the TE signal is detected by a difference in outputs 
from the light-receiving sections of the photodetector 
divided in two and positioned symmetrically with respect to 
the center of the tracks, which receives an optical beam 
reflected and diffracted with the tracks on the optical disc 
2100. 

[0142] FIG. 7 shows a waveform of the TE signal when 
the optical beam 2106 traverses the tracks. When the optical 
beam 2106 traverses the tracks, the TE signal is in the sine 
waveform. The TE signal is zero at the center of each of the 
tracks. 

[0143] FIG. 8 shows waveforms of the signals when the 

objective lens 2103 gradually approaches the information 
surface of the optical disc 2100. In FIG. 8, waveform (a) 
represents the output of the ramp generation circuit 2123, 
waveform (b) represents the focal point, waveform (c) 
represents the FE signal, waveform (d) represents the zero- 
cross signal, waveform (e) represents the TE signal, wave- 
form (f) represents an output from the amplification detec- 
tion circuit 2121, and waveform (g) represents the output of 
the comparator 2128. 

[0144] When the microcomputer 2122 starts the operation 
of the ramp generation circuit 2123 at time tg, a current 
corresponding there to flows through the focusing coil. 
Thus, the objective lens 2103 gradually approaches the 
information surface of the optical disc 2100. The zero-cross 
signal is output when the focal position matches the surface 
of the optical disc at time t^. However, the level of the TE 
signal is zero at the optical disc surface. Thus, the output of 
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the comparator 2128 remains at the low level. Further, as the 
focal position further approaches the optical disc 2100, the 
information surface enters the depth of focus. Thus, the TE 
signal is in the sine waveform. Accordingly, the output from 
the amplification detection circuit 2121 exceeds and the 
output of the comparator 2128 becomes high. 

[0145] At time tg, the zero -cross signal is output when the 
focal point matches the information surface. As the objective 
lens 2103 is further raised, the information surface goes out 
of the depth of focus. Thus, the TE signal reaches the zero 
level. At time the output from the comparator 2128 
becomes low. As described above, the zero-cross signal is 
output at the surface of the optical disc 2100. However, since 
the output of the comparator 2128 is low, the information 
surface can be detected surely. Specifically, if the unit has 
the structure in which the microcomputer 2122 makes the 
potential at the control terminal d high to connect the 
terminal c and the terminal a of the switch 2117 at time t,, 
the focusing to the information surface can be performed 
surely even if the reflectance of the information surface is 
low such as in the doublelayer optical disc. 

[0146] FIG. 9 shows waveforms of the signals when the 
focusing is being performed. In FIG. 9, waveform (a) 
represents the output from the ramp generation circuit 2123, 
waveform (b) represents the focal point, waveform (c) 
represents the FE signal, waveform (d) represents the zero- 
cross signal, waveform (e) represents the TE signal, wave- 
form (f) represents the output from the amplification detec- 
tion circuit 2121 and the waveform (g) represents the output 
from the comparator 2128. 

[0147] Waveform (h) represents the control signal which 
is output to the control terminal d of the switch 2117 by the 

microcomputer 2122. At t^o, the ramp generation circuit 
2123 starts operation. At time t^^,^ output from the 
comparator 2128 becomes high. 

[0148] At time t^g, the focal point matches the information 
surface and the zero-cross signal is output. The microcom- 
puter 2122 makes the potential at the control terminal d of 
the switch 2117 high. 

[0149] Therefore, the terminal c and the terminal a of the 
switch 2117 is connected and the focus control is operated. 
The focus control of the objective lens 2103 is performed 
such that the focal point is on the information surface. 

[0150] The FE signal also crosses zero at the surface of the 
optical disc 2100. However, the level of the TE signal at the 
surface of the optical disc 2100 is zero. Accordingly, the 
microcomputer 2122 does not activate the focus control. 
Thus, it is possible to perform the accurate focusing to the 
information surface. 

[0151] In the case where the optical disc 2100 is a disc on 
which the information is prerecorded (for example, a ROM), 
the information surface may be detected based on an RF 
signal. Such detection can be achieved by adding a total 
internal reflection detection circuit and an RF detection 
circuit to the structure of the optical disc unit 2002 shown in 
FIG. 4. 

[0152] (Embodiment 3) 

[0153] FIG. 10 shows an exemplary structure of an optical 
disc unit 2003 of Embodiment 3. In FIG. 10, hke blocks as 



in the above embodiments are indicated by like reference 
numerals, and the explanations thereof are omitted. 

[0154] FIG. 11 shows a plurality of tracks formed on an 
information surface of an optical disc 2150. Each of the 
tracks is wavy. In the exemplary structure shown in FIG. 11, 
each of the tracks slightly wobbles in a radial direction 
thereof with a predetermined period W. These slight wobbles 
can be detected by the TE signals as a misalignment between 
the optical beam 2106 and the tracks. The optical disc 2150 
may be a single -layer disc, or a multilayer disc, including a 
doublelayer disc. 

[0155] FIG. 12 shows waveforms of the signals when the 
optical beam 2106 traverses the tracks with the focus control 

being performed, wherein (a) schematically represents the 
tracks. Waveform (b) represents a TE signal. Waveform (c) 
represents an output from a BPF 2151. Hereinafter, the 
output from the BPF 2151 is referred to as a wobble signal. 
AmpHfication of the wobble signal is maximum when the 
optical beam 2016 locates at the center of a track and small 
when the optical beam 2016 is between the tracks. The BPF 
2151 passes components due to slight wobbles in the radial 
direction of the tracks included in the TE signal. Accord- 
ingly, a pass band of the BPF 2151 depends on W and the 
number of rotations of the optical disc 2150. 

[0156] FIG. 13 shows waveforms of the signals used in 
the optical disc unit 2003. Waveform (a) represents the 
output from the ramp generation circuit 2123, waveform (b) 
represents a focal point, waveform (c) represents the FE 
signal, waveform (d) represents a zero-cross signal, wave- 
form (e) represents the wobble signal, waveform (f) repre- 
sents the output from an amplification detection circuit 
2121, the waveform (g) represents the output from a com- 
parator 2460 and waveform (h) represents the signal of the 
control terminal d of the switch 2117. The microcomputer 
2122 activates the ramp generation circuit 2123 at time t2Q, 
and a current corresponding thereto is supplied to the 
focusing coil. 

[0157] As described above, the objective lens 2103 gradu- 
aUy approaches the information surface of the optical disc 
2150. At time i^^, when the focal point matches a surface of 
the optical disc 2150, the zero-cross signal is output. Since 
the level of the wobble signal is zero, the output from the 
comparator 2460 remains low. When the focal point further 
approaches the optical disc, at time t22 the information 
surface enters the depth of focus. Thus, the wobble signals 
become the sine wave form signals. The output from the 
amplification detection circuit 2121 exceeds E^, and thus, 
the output from the comparator 2460 becomes high. At time 
U3, when the focal point matches the information surface, 
the zero -cross signal is output. The microcomputer 2122 
makes the potential at the control terminal d of the switch 
2117 high and connects the terminal c and the terminal a to 
perform the focus control. 

[0158] At the surface of the optical disc 2150, the zero- 
cross signal is output. However, the output from the com- 
parator 2460 is low. Thus, the microcomputer 2122 keeps 
the level of the potential of the control terminal low. In the 
switch 2117, the terminal b and the terminal care connected 
and the focus control is not performed. On the other hand, 
at the information surface of the optical disc 2150, the 
zero-cross signal is also detected. In this case, the output 
from the comparator 2460 is high. Thus, the microcomputer 
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2122 makes the potential at the control terminal d high. In 
the switch 2117, the terminal a and the terminal c are 
connected and the focus control is performed. 

[0159] With such a structure, even if the reflectance of the 
information surface is low as in the doublelayer optical disc, 
it is possible to surely detect the information surface and to 
surely perform the focusing. 

[0160] (Embodiment 4) 

[0161] FIG. 14 shows an exemplary structure of the 
optical disc unit 2004 according to Embodiment 4 of the 

present invention. Like blocks as in the above embodiments 
are indicated by like reference numerals, and the explana- 
tions thereof are omitted. 

[0162] A ramp generation circuit 2157 generates a signal 
varying at a constant speed when the potential at the terminal 
a becomes high. The polarity of the speed is positive when 
the potential at the terminal b is high and negative when the 
potential is low. The optical disc 2100 rotates at the prede- 
termined number of rotations. A motor control circuit 2156 
controls the motor 2127 so as to rotate with the predeter- 
mined number of rotations. A laser control circuit 2155 
controls the laser 2109 so as to emit light at a predetermined 
power. 

[0163] The focusing operation will be described. A micro- 
computer 2158 makes the potential at the control terminal d 
of the switch 2117 low, and connects the terminal c and the 
terminal b. Next, the microcomputer 2158 makes the poten- 
tials of the terminal a and the terminal b of the ramp 
generation circuit 2157 high. As a result, the ramp genera- 
tion circuit 2157 generates a signal of a positive polarity 
varying at a constant speed. A current which corresponds to 
the output from the ramp generation circuit 2157 flows 
through the focusing coil by the power amplifier 2128. As a 
result, the objective lens 2103 moves toward the optical disc 
2100 (in an upper direction in the figure). When the focal 
point of the optical beam 2106 matches the surface of the 
optical disc 2100, the first zero -cross signal is output from 
the zero-cross detection circuit 2119. 

[0164] The microcomputer 2158 changes the potential of 
the terminal b of the ramp generation circuit 2157 from high 
to low after a predetermined time period has lapsed from 

the time when the first zero-cross signal was detected. As a 
result, the ramp generation circuit 2157 generates a signal of 
a negative polarity varying at a constant speed after the 
predetermined time period has lapsed from the time 
when the first zero-cross signal was detected. Thus, the 
objective lens 2103 moves in a direction away from the 
optical disc 2100 (in a lower direction in the figure) and thus 
the focal point of the optical beam shifts in a direction 
toward the information surface of the optical disc 2100 (in 
a lower direction in the figure). 

[0165] The predetermined time period Mq is set to be 

longer than the time for the focal point of the optical beam 
to reach the information surface. Specifically, the predeter- 
mined time period Mq is a time period during which the 
objective lens 2103 can further move in the same direction 
as the objective lens 2103 moves when the first zero-cross 
signal is detected by a predetermined distance larger than the 
thickness of the protective layer of the optical disc 2100. The 
thickness of the protective layer of the optical disc 2100 is 
the distance between the surface of the optical disc 2100 and 
the information surface. 



[0166] The focal point of the optical beam starts to shift 
toward the information surface after it passes through the 
information surface. When the focal point of the optical 
beam passes through the information surface again, the 
zero-cross detection circuit 2119 outputs the second zero- 
cross signal. When the microcomputer 2158 detects that the 
second zero-cross signal is output (i.e., the focus error signal 
crosses zero for the second time), it makes the potential at 
the control terminal d high and connects the terminal c and 
the terminal a of the switch 2117 to start the focus control. 

[0167] FIG. 15 shows waveforms of the signals used in 
the optical disc unit 2004. In FIG. 15, waveform (a) 
represents the output of the ramp generation circuit 2157, 
waveform (b) represents the focal point, waveform (c) 
represents the signal of the terminal b of the ramp generation 
circuit 2157, waveform (d) represents the FE signal, wave- 
form (e) represents the zero-cross signal, and waveform (f) 
represents the signal of the terminal d of the switch 2117. 
The microcomputer 2158 starts the operation of the ramp 
generation circuit 2157 at time tgg, a current corresponding 
thereto flows through the focusing coil. 

[0168] Accordingly, the objective lens 2103 gradually 
approaches the information surface of the optical disc 2100. 
At time i^i, when the focal point matches the surface of the 
optical disc 2100, the zero-cross signal is output. 

[0169] The microcomputer 2158 sets the potential at the 
terminal b of the ramp generation circuit 2157 low when the 
time period Mq has lapsed after the first zero-cross signal 
was detected. 

[0170] At time t^2-> the focal point and the information 
surface matches. Thus, the zero-cross signal is output. The 
output from the ramp generation circuit decreased at a 
constant speed from time 133. Thus, the focal point gradually 
approaches the information surface. At time t^^ the focal 
point matches the information surface, and the zero-cross 
signal is output. The microcomputer 2158 makes the poten- 
tial at the control terminal d of the switch 2117 high and 
connects the terminal c and the terminal a to start the focus 
control operation. 

[0171] With such a structure, even if the reflectance of the 
information surface is low as in the doublelayer optical disc, 
it is possible to surely detect the information surface and to 
surely perform the focusing without requiring the TE signal. 

[0172] In the present scheme, the focal point is once 
shifted above the information surface. Thus, it is not a fleeted 
by the zero-cross signal at the surface of the optical disc 
2100. 

[0173] The distance by which the focal point approaches 
the optical disc 2100 is limited relative to the surface of the 
optical disc 2100. Thus, the objective lens 2103 does not 
colhde into the surface of the optical disc 2100. The prede- 
termined time period Mq depends on the sensitivity of the 
focus actuator and the rate of change of the output signal 
from the ramp generation circuit 2157. 

[0174] In the present embodiment, the time period Mq has 
the predetermined amount. However, it may vary depending 
on a length of a time from time i^^ to time 132- The distance 
between the surface of the optical disc 2100 and the infor- 
mation surface is predetermined. Thus, the time for moving 
the distance is proportional to the sensitivity of the actuator. 
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[0175] Accordingly, even if the sensitivity of the actuator 
changes, it is possible to accurately shift the focal point to 
above the information surface. 

[0176] (Embodiment 5) 

[0177] FIG. 16 shows an exemplary structure of an optical 
disc unit 2005 according to Embodiment 5 of the present 
invention. Like blocks as in the above embodiments are 
indicated by like reference numerals, and the explanations 
thereof are omitted. 

[0178] The focusing operation will be described. A micro- 
computer 21 60 sets zero as the number of rotations of the 
motor to the motor control circuit 2126. The laser control 
circuit 2155 controls the laser 2109 to emit light at a 
predetermined power. The microcomputer 2160 changes the 
potential at the control terminal d of the switch 2117 to low 
to connect the terminal c and the terminal b. Then, the 
microcomputer 2160 changes the potentials at both the 
terminal a and the terminal b of the ramp generation circuit 
2157 to high. As a result, the ramp generation circuit 2157 
generates a signal of a positive polarity varying at a constant 
speed. A current corresponding to the output of the ramp 
generation circuit 2157 flows through the focusing coil by a 
power amplifier 2118. As a result, the objective lens 2103 
shifts toward the optical disc 2100 (in an upper direction in 
the figure). 

[0179] The microcomputer 2160 changes the potential at 
the terminal b of the ramp generation circuit 2157 from high 
to low after a predetermined time period has lapsed after 
the first zero-cross signal was detected. Thus, the ramp 
generation circuit 2157 generates a signal of a negative 
polarity varying at a constant speed after the predetermined 
time period M-^ has lapsed since the first zero-cross signal 
was detected. As a result, the objective lens 2103 gradually 
recedes from the optical disc 2100. 

[0180] The predetermined time period M-^ is set to be 
sufficiently longer than the time for the focal point to reach 
the information surface. Specifically, the predetermined time 
period is set to be a time period during which the 
objective lens 2103 can move by a distance larger than the 
thickness of the protective layer of the optical disc 2100. The 
microcomputer 2160 makes the potential at the control 
terminal d of the switch 2117 high when the first zero-cross 
signal after the potential at the terminal b of the ramp 
generation circuit 2157 is changed to low is detected, and 
connects the terminal c and the terminal a of the switch 2117 
to start the focus control. The microcomputer 2160 activates 
the sine wave generation circuit 2124. Tf the output from the 
comparator 2128 is high, the microcomputer 2160 stops the 
operation of the sine wave generation circuit 2124 and sets 
a predetermined number of rotations to the motor control 
circuit 2126. If the output from the comparator 2128 is low, 
the ramp generation circuit 2157 is reset and the terminal c 
and the terminal b of the switch 2117 are connected to 
perform the focusing again. 

[0181] FIG. 17 shows waveforms of the signals used in 
the optical disc unit 2005. Waveform (a) represents the 
output from a ramp generation circuit 2157, waveform (b) 
represents a focal point, waveform (c) represents a signal at 
the terminal b of the ramp generation circuit 2157, wave- 
form (d) represents the FE signal, waveform (e) represents 
the zero-cross signal, waveform (f) represents the TE signal. 



waveform (g) represents a signal at the control terminal d of 
the switch 2117, waveform (h) represents the output from 
the comparator 2128, and waveform (i) represents a signal 
corresponding to the predetermined number of rotations sent 
by the motor control circuit 2126 to the motor 2127. 

[0182] After the microcomputer 2160 starts the operation 
of the ramp generation circuit 2157 at time t4Q, a current 
corresponding thereto flows through the focusing coil. Thus, 
the objective lens 2103 gradually approaches the informa- 
tion surface of the optical disc 2100 and passes through the 
information surface. The microcomputer 2160 sets the 
potential of the terminal b of the ramp generation circuit 
2157 low at time i^^ when a predetermined time period 
has lapsed after time t4Q. Then, the output from the ramp 
generation circuit 2157 starts to decrease at a constant speed 
fi:om time t4i. Accordingly, the focal point gradually 
approaches the information surface and matches the infor- 
mation surface at time t^2' The zero-cross signal is output. 

[0183] The microcomputer 2160 makes the potential at the 
control terminal d of the switch 2117 high and connects the 
terminal c and the terminal a of the switch 2117 to perform 
focus control. The microcomputer 2160 activates the sine 
wave generation circuit 2124 at time t^r^. If the focal point of 
the optical beam is on the information surface, the optical 
beam traverses the tracks and the TE signal is in the sine 
wave form. If amplification detection means, i.e., the ampH- 
fication detection circuit 2121, detects that the amplification 
of the TE signal is a predetermined value or more, the output 
from the comparator 2128 becomes high. The microcom- 
puter 2160 determines that the focusing to the information 
surface is normally ended and sets the predetermined num- 
ber of rotations to the motor control circuit 2126 at time t^. 

[0184] According to the present embodiment, whether the 
focusing is normally ended is determined before the motor 
2127 is rotated. Thus, the motor 2127 is not rotated when the 

focusing is not normally performed and thus in the case 
where the objective lens 2103 collided into the surface of the 
optical disc 2100. rherefore, the optical disc 2100 is free 
from being damaged in a wide range. Further, even if the 
reflectance of information surface is low as in the double- 
layer optical disc, it is possible to surely detect the infor- 
mation surface and to surely perform the focusing. 

[0185] The rotation control of the motor 2127 described in 
the present embodiment can be applied to any of the 
above-described embodiments. 

[0186] (Embodiment 6) 

[0187] FIG. 18 shows an exemplary structure of an optical 
disc unit 2006 according to Embodiment 6 of the present 
invention. Like blocks as in the above embodiments are 
indicated by Hke reference numerals, and the explanations 
thereof are omitted. 

[0188] In the present embodiment, a single rotation 
memory 2166 acts as storage means for storing displacement 
in a focusing direction of the actuator 2104 which corre- 
sponds to a rotation angle of an optical disc 2100. 

[0189] The motor control circuit 2156 controls the motor 
2127 to rotate at a predetermined number of rotations. The 
laser control circuit 2155 controls the laser 2109 to emit light 
at a predetermined power. A rotation angle detection circuit 
2165 detects and outputs a rotation angle of the motor 2127. 
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Hereinafter, the signal is referred to as the rotation angle 
signal. The single rotation memory 2166 stores an input 
voltage of the power amplifier 2118 during a cycle of a 
single rotation of the optical disc 2100 in synchronization 
with the rotation angle signal. The stored value is output to 
an adder 2167 in synchronization with the rotation angle 
signal. 

[0190] Such storage and output operations are controlled 
by a microcomputer 2168. 

[0191] In the structure of the present embodiment, an open 
loop gain of a focus control system can be measured. 

[0192] The microcomputer 2168 sends a sine wave to the 
adder 2167 with the terminal c and the terminal a of the 
switch 2117 being closed and the focus control is being 
performed. An objective lens 2103 is controlled so as to 
follow the sine wave added to the focus control system. The 
microcomputer 2168 captures the FE signal in this state and 
calculates the open loop gain of the focus control system 
based on the relationship between the added sine wave and 
amplification and a phase of the FE signal. Based on the 
calculated gain value, the gain of the amplifier 2400 is 
changed so that the open loop has a predetermined gain. The 
predetermined gain is a gain assumed when a phase lead 
characteristic of a phase compensation circuit 2170 which 
will be described later is designed. 

[0193] The phase compensation circuit 2170 is a filter for 

causing the phase to lead for stabilizing the focus control 
system. 

[0194] In this structure, a phase characteristic can be 
switched to lead in a wide band or a narrow band. The 
focusing is performed with the phase characteristic set to 

lead in the wide band. Then, after the open loop gain of the 
focus control system is adjusted, the phase characteristic of 
the band is set to lead in the narrow band. Specifically, a 
period between the time when the focusing starts and the 
time when the open loop gain of the focus control system is 
adjusted, the phase characteristic is set to lead in the wide 
band. Due to variance in reflectances of the optical disc 2100 
and variance in sensitivities of the focus actuator, the open 
loop gain deviates from the predetermined gain. Thus, when 
the focusing is performed, the focus control is performed 
with the phase characteristic set to lead in the wide band, and 
after a gain adjustment, it is returned to the state where the 
phase leads in a normal band. 

[0195] Therefore, the focusing becomes stable, and it is 
possible to set the open loop gain after the gain adjustment 
higher than the open loop gain at the focusing. 

[0196] The phase compensation circuit 2170 is described 
with reference to FIGS. 19 and 20. 

[0197] FIG. 19 shows an exemplary structure of the phase 
compensation circuit 2170. A first input terminal 2300 is 
connected to a first phase compensation circuit 2301 and a 
third phase compensation circuit 2303. The first phase 
compensation circuit 2301 and a second phase compensation 
circuit 2302 are connected in series. An output of the second 
phase compensation circuit 2302 is connected to a terminal 
a of a switch 2304. The third phase compensation circuit 
2303 is connected in parallel with the first phase compen- 
sation circuit 2301 and the second phase compensation 
circuit 2302 connected in series. The output thereof is 



connected to a terminal b of the switch 2304. A terminal c 
of the switch 2304 is connected to an output terminal 2306. 
A signal from the output terminal 2306 is input to the 
single-rotation memory 2166 and the adder 2167. A terminal 
d of the switch 2304 is connected to a second input terminal 
2305. The second input terminal 2305 is connected to the 
microcomputer 2168. 

[0198] FIG. 20 shows phase characteristics of the circuits 
included in the phase compensation circuit 2170. In FIG. 20, 
the horizontal axis indicates frequencies and vertical axis 
indicates phases. The frequencies indicated by the horizontal 
axis are scaled by logarithm. 

[0199] (a) in FIG. 20 represents a phase characteristic of 
the first phase compensation circuit 2301. In the first phase 
compensation circuit 2301, the phase leads within the band 
between the frequencies fo and fg. 

[0200] (b) in FIG. 20 represents a phase characteristic of 
the second phase compensation circuit 2302. In the second 

phase compensation circuit 2302, the phase leads within the 
band between the frequencies and i^. 

[0201] (c) in FIG. 20 represents a phase characteristic of 
the first phase compensation circuit 2301 and the second 
phase compensation circuit 2302 connected in series. In this 
serial circuit, the phase leads within the band between the 
frequencies fg and f5. 

[0202] (d) in FIG. 20 represents a phase characteristic of 
the third phase compensation circuit 2303. In the third phase 
compensation circuit 2303, the phase leads within the band 
between the frequencies and f^^. 

[0203] Thus, by switching the level of the second input 
terminal, the phase characteristic can be switched to lead in 
the wide band or in the narrow band. 

[0204] The frequency at which the gain of the open loop 
becomes 0 dB is predetermined to be between f2 and fg. 
Thus, the phase characteristic of the first phase compensa- 
tion circuit 2301 and the second phase compensation circuit 
2302 connected in series is designed such that the phase 
leading becomes the maximum between frequencies f2 and 
fg. The phase characteristic of the third phase compensation 
circuit 2303 is also designed such that the phase leading 
becomes the maximum between frequencies f^ and fg. The 
phase compensation circuit of the serially connected first 
phase compensation circuit 2301 and the second phase 
compensation circuit 2302 has a wider band for the phase to 
lead compared to the third phase compensation circuit 2303. 
Thus, even if the open loop gain varies, a phase allowance 
can be secured, and thus the control system is stable. 
However, widening the band for phase to lead results in an 
increase in the gain of the phase compensation circuit 2170. 
Thus, an excessive amount of current flows through the coil 
of the actuator due to noise or the like. In order to prevent 
this excessive current, when the serially coimected first 
phase compensation circuit 2301 and the second phase 
compensation circuit 2302 are used, it is preferable to reduce 
the open loop gain a little. 

[0205] FIG. 21 shows waveforms when the focusing is 
performed. In FIG. 21, waveform (a) represents the output 
from a ramp generation circuit 2123, waveform (b) repre- 
sents a focal point, waveform (c) represents an mput wave- 
form of the comparator 2128, waveform (d) represents an 
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output waveform of the single-rotation memory 2166, wave- 
form (e) represents the FE signal, waveform (f) represents a 
zero -cross signal, and waveform (g) represents a signal at 
the control terminal d of the switch 2117. The microcom- 
puter 2168 makes the potential at the second input terminal 
2305 of the switch 2304 high and connects the terminal a 
and the terminal c such that the output signal from the 
serially connected first phase compensation circuit 2301 and 
the second phase compensation circuit 2302 is transmitted to 
the output terminal 2306. Thus, the phase characteristic of 
the phase compensation circuit 2170 becomes the one hav- 
ing the wide band for the phase to lead. 

[0206] The microcomputer 2168 makes the potential of 
the control terminal d of the switch 2117 low at time tg^ and 
connects the terminal c and the terminal b of the switch 
2117. The ramp generation circuit 2123 generates a signal 
varying at a constant speed. A current corresponding to the 
output of the ramp generation circuit 2123 flows through the 
focusing coil by the power amplifier 2118. Accordingly, the 
objective lens 2103 moves toward the optical disc 2100 (in 
an upper direction in the figure). When the focal point 
matches the surface of the optical disc 2100, the first 
zero-cross signal is output. The microcomputer 2168 makes 
the potential at the control terminal d of the switch 2117 high 
at time when the first zero-cross signal is detected, and 
connects the terminal a and the terminal c of the switch 2117 
to perform the focus control. 

[0207] The focus control is performed such that the focal 
point of the optical beam locates on the surface of the optical 
disc 2100. 

[0208] Since the optical disc 2100 wobbles, the objective 
lens 2103 moves up and down to foUow the wobbles. 
Accordingly, the input level of the power amplification 
circuit 2118 before the single-rotation memory 2166 is 
activated is proportional to the wobbles. 

[0209] The time period from time t^^ to is a cycle of a 
single rotation of the optical disc 2100. The microcomputer 
2168 commands the single-rotation memory 2166 to operate 
storage at time t^^. The single-rotation memory 2166 stores 
the level at the terminal b of the switch 2117 from to 1^2- 
Then, the single-rotation memory 2166 outputs the stored 
value to the adder 2167 at time {^2, after. The micro- 
computer 2168 makes the potential at the control terminal d 
of the switch 2117 low at time i^^, thereby connecting the 
terminal c and the terminal b of the switch 2117. The 
microcomputer 2168 makes the potentials at the terminal a 
and the terminal b of the ramp generation circuit 2123 high, 
and sends a command for reactivating the ramp generation 
circuit 2123. Therefore, the output from the adder 2167 is a 
signal which is obtained by adding the output of the ramp 
generation circuit 2123 and the output of the single -rotation 
memory 2166. The objective lens 2103 gradually 
approaches the optical disc 2100 in response to the output 
from the adder 2167. 

[0210] When the focal point matches the information 
surface at time t53, the zero-cross signal is output. The 
microcomputer 2168 stops the output from the single - 
rotation memory 2166, makes the potential at the control 
terminal d of the switch 2117 high, and connects the terminal 
c and the terminal a of the switch 2117. Thus, the focus 
control is performed such that the focal point is on the 
information surface. 



[0211] The microcomputer 2168 performs a gain adjust- 
ment, and the gain of the amplifier 2400 is changed such that 
the open loop gain of the focus control becomes the prede- 
termined value. 

[0212] The microcomputer 2168 makes the potential at the 
second input terminal 2305 of the switch 2304 low and 
connects the terminal b and the terminal c of the switch 2304 
such that the output signal of the third phase compensation 
circuit 2303 is output. Thus, the phase characteristic of the 
phase compensation circuit 2170 is switched to lead in the 
narrow band. 

[0213] According to the present embodiment, even if the 
optical disc 2100 has wobbles larger than the working 
distance, the objective lens 2103 and the optical disc 2100 
do not collide. 

[0214] FIG. 22 illustrates the working distance. The work- 
ing distance is the shortest distance K between the surface of 
the optical disc 2100 and the upper surface of the objective 
lens 2103 when the focal point is on the information surface. 

[0215] According to the present embodiment, the relative 
speed of the objective lens 2103 and the information surface 
of the optical disc 2100 is reduced to substantially zero. 
Thus, the focusing is stabilized. 

[0216] As factors of variance in the open loop gain, 
variances in reflectance of the information surface of the 
optical disc 2100 and in the sensitivity of the focus actuator 
are described. In the case of a doublelayer optical disc, the 
amplification of the FE signal normalized by reflectance 
amount changes due to the light reflected off another infor- 
mation surface and thus the open loop gain varies. Accord- 
ing to the present embodiment, the open loop gain is 
adjusted. Thus, even if the reflectance of information surface 
is low as in the doublelayer optical disc, it is possible to 
surely detect the information surface and to surely perform 
the focusing. 

[0217] (Embodiment 7) 

[0218] FIG. 23 shows an exemplary structure of an optical 
disc unit 2007 according to Embodiment 7 of the present 
invention. Like blocks as in the above embodiments are 
indicated by like reference numerals, and the explanations 
thereof are omitted. 

[0219] In the present embodiment, a photodetector 2113 
acts as a photodctcction means for detecting the light 

reflected off an optical disc 2187 having a plurality of 
information surfaces, after the optical beam is focused and 
applied to a predetermined information surface of the optical 
disc 2187. 

[0220] The FE signal generation circuit 2115 acts as focus 
error detection means for detecting a misaHgnment between 
the focal point of the optical beam and the predetermined 
information surface of the optical disc 2187 based on an 

output from the photodetector 2113. 

[0221] A total internal reflection amount signal generation 
circuit 2183 acts as total internal reflection amount detection 
means for detecting a total internal reflection amount from 
the optical disc 2187 based on the output from the photo- 
detector 2113. 

[0222] A divider 2185 acts as normalization means for 
dividing the output of the focus error detection means by a 
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value obtained by subtracting a signal value corresponding 
to the reflection amount of the Hght reflected ofl^ the infor- 
mation surfaces other than the predetermined information 
surface of the optical disc from the output of the total 
internal reflection amount detection means. 

[0223] The optical disc 2187 is a doublclaycr optical disc 
having two information surfaces, i.e., a first information 
surface and a second information surface, on one side. The 
motor control circuit 2156 controls the motor 2127 to rotate 
at a predetermined number of rotations. The laser control 
circuit 2155 controls the laser 2109 so as to emit light at a 
predetermined power. The light reflected ofl^ the optical disc 
2187 incident on the photodetector 2113 and is sent to the 
focus error signal generation circuit 2115, and the total 
internal reflectance amount signal generation circuit 2183. 
The total internal reflectance amount signal generation cir- 
cuit 2183 detects and outputs the total internal reflectance 
reflected off the optical disc 2187 and incidents on the 
photodetector 2113. Hereinafter, the output from total inter- 
nal reflectance amount signal generation circuit 2183 is 
referred to as total internal reflectance amoimt signal. 

[0224] The total internal reflectance amount signal is sent 
to the terminal b of the divider 2185 via a sub tractor 2184. 
An FE signal is input to the terminal a of the divider 2185. 
The divider 2185 divides the signal input to the terminal a 
by the signal input to the terminal b and then outputs from 
the terminal c. The divider 2185 maintains the constant level 
of the FE signal without the amplification level of the FE 
signal being affected by the changes in the reflectances of the 
information surfaces of the optical disc 2187. Hereinafter, 
the output of the divider 2185 is referred to as the normal- 
ization FE signal. The output of the divider 2185 is sent to 
the power amplifier 2118 via the phase compensation circuit 
2116 and the switch 2117. 

[0225] Thus, even when the reflectance of the information 
surface of the optical disc 2187 is changed, the gain of the 
open loop does not change. However, in the doublelayer 
optical disc, light reflected off the information surfaces other 
than the information surface on which the focal point locates 
incidents on the photodetector 2113. Thus, even though the 
FE signal is normalized with the total internal reflectance, 
the level of the FE signal lowers. The sub tractor 2184 
compensates for the amount of the light reflected off other 
information surfaces. A switch 2186 is connected to the 
subtracter 2184. A first reference voltage 2181 and a second 
reference voltage 2182 are connected to the switch 2186. 
The switch 2186 outputs a signal of either of them by a 
command from the microcomputer 2180. 

[0226] The first reference voltage 2181 corresponds to an 
amount of hght reflected off the second information surface 
in the case where the focal point is on the first information 
surface. The second reference voltage 2182 corresponds to 
an amount of light reflected off the first information surface 
in the case where the focal point is on the second informa- 
tion surface. Accordingly, the subtractor 2185 outputs a 
signal representing the reflectance amount of the first infor- 
mation surface or second information surface from which 
the amount of light reflected off the other information 
surface is removed. 

[0227] The level of the first reference voltage 2181 and the 
second reference voltage 2182 depends on the characteristic 
of the optical head 2114, reflectance of the optical disc 2187, 



and the like. When the focal point of the optical beam is 
shifted from the information surface to the second informa- 
tion surface, the microcomputer 2180 makes the control 
terminal d of the switch 2117 low and cormects the terminal 
c and the terminal b of the switch 2117. 

[0228] The microcomputer 2180 sends a drive voltage of 
the focusing coil for moving the focal point of the optical 
beam from the first information surface to the second 
information surface via a D/A converter. After the focal 
point is shifted, the control terminal d of the switch 2117 is 
changed to be high again. The terminal c and the terminal a 
are connected to operate the focus control. As described 
above, the switch 2186 is switched depending on whether 
the focal point of the optical beam is on the first information 
surface or on the second information surface. Thus, it is 
possible to change a signal value corresponding to the 
amount of light reflected off the information surfaces other 
than the information surface of the optical disc 2187 on 
which the focal point of the optical beam locates, which is 
input to the normalization means, i.e., the subtractor 2185, 
in accordance with the information surface (i.e., the signal 
value which is input to the terminal b of the subtractor 2185). 

[0229] FIG. 24 illustrates the doublelayer optical disc 
2187 and the optical beam 2106. In the example shown in 
Figure 24, the focal point is on the first information surface. 
In the case of reproducing the information recorded on the 
first information surface, the focus control is performed such 
that the focal point is on the first information surface. In the 
case of reproducing information recorded on the second 
information surface, the focus control is stopped, the objec- 
tive lens 2103 is brought closer to the optical disc 2187, and 
after the focal point is shifted to the second information 
surface, the focus control is performed again. 

[0230] In the case where the focal point is on the first 
information surface, the optical beam LI is reflected off the 
first information surface and incidents on the photodetector 
2113. The FE signal is generated by the optical beam LI. 

[0231] However, a portion of the optical beam L2 trans- 
mitted through the first information surface and reflected of 

f the second information surface incidents on the photode- 
tector 2113. The reflected light does not affect the FE signal 
but increases the total internal reflection amount signal. 
Thus, when the FE signal is nomialized with the total 
internal reflection amount signal, the level of the FE signal 
is decreased by the amount of the optical beam L2. The 
amounts of the light reflected off^ the other information 
surface are different in the case where the focal point is on 
the first information surface and in the case where the focal 
point is on the second information surface. 

[0232] Next, the operation for moving the focal point from 
the first information surface to the second information 
surface is described. 

[0233] FIG. 25 shows waveforms of the signals used in 
the optical disc unit 2007. Waveform (a) represents the FE 
signal after normalization, waveform (b) represents an out- 
put waveform of D/A converter of the microcomputer 2180, 
waveform (c) represents a waveform from the terminal d of 
the switch 2186, and waveform (d) represents a signal output 
to the terminal d of the switch 2117. The microcomputer 
2180 outputs an acceleration pulse for moving the focal 
point to the second information surface from time t^o via the 
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D/A converter. Thus, the objective lens 2103 moves toward 
the second information surface and the focal point also shifts 
toward the second information surface. The microcomputer 
2180 detects that the level of the normalized FE signal 
becomes -E3 at time tg-^ and stops the acceleration pulse. 
When the normalized FE signal crosses zero at time tgj? the 
terminal c of the switch 2186 is switched from the terminal 
a to the terminal b and connected thereto. When the level of 
the normalized FE signal is E3 at time t^^ the decelerate pulse 
is output. The decelerate pulse is output during the period in 
which the level of the normalized FE signal is E3 or higher, 

1. e., until time t^^. 

[0234] The microcomputer 2180 connects the terminal c 
and the terminal a of the switch 2117 when the normalized 
FE signal crosses zero at time t^^ and the focus control is 
performed again. ITie time when the accelerate pulse and the 
decelerate pulse are output is controlled based on the FE 
signal normalized with the total internal reflection amount 
signal from which the amount of light reflected off the other 
information surfaces is removed. Therefore, it is possible to 
detect the timing accurately and the focal point can shift 
between the information surfaces stably. 

[0235] (Embodiment 8) 

[0236] FIG. 26 shows an exemplary stru ctu re of an optical 
disc unit 2008 according to Embodiment 8 of the present 
invention. Like blocks as in the above embodiments are 
indicated by like reference numerals, and the explanations 
thereof are omitted. 

[0237] A photodetector 2188 has five light-receiving sec- 
tions. With respect to Embodiment 2, the photodetector 2113 
provided with 4 flght-receiving sections is described. In the 
present embodiment, a light-receiving section surrounding 
the outside of the 4 light-receiving sections is further pro- 
vided and acts as stray light detection means for detecting 
light reflected off information surfaces other than the pre- 
determined information surface of the optical disc. 

[0238] In the present embodiment, the photodetector 2188 
is composed of the 4 light-receiving sections which form the 
photodetector 2113 described with reference to Embodiment 

2, and the stray light detection means, i.e., the light receiving 
section provided so as to surround the outside of the 4 
light -receiving sections. The total light amount of the light 
receiving sections located inside the light- receiving section 
which is the stray light detection means is a total internal 
reflection amount signal. This is the amount of the light 
received in the part corresponding to the photodetector 2113 
described in Embodiment 2. 

[0239] As described with reference to FIG. 24, light 
reflected off the second surface in the case where the focal 
point is on the first information surface incidents on the 
entire photodetector 2188. Most of the light reflected off the 
first information surface incidents on the inner light-receiv- 
ing sections. Accordingly, the light reflected off the second 
information surface incident on the inner light-receiving 
section is proportional to the light amount incident on the 
outer light-receiving section. 

[0240] The value obtained by multiplying the light amount 
of the outer light-receiving section by a predetermined 
coefficient K is subtracted from the total internal reflection 
amoimt signal by the subtractor 2184. Thus, the total internal 



reflection amount signal without an effect of Hght reflected 
off other information surfaces is obtained. 

[0241] FIG. 27 schematicaUy shows the structure of the 
photodetector 2188. The inner 4 light receiving sections 
correspond to the photodetector 2113. The outer light- 
receiving section is the added portion. The operation of 
shifting the focal point from the first surface to the second 
surface is similar to that of Embodiment 7, and thus the 
explanation is omitted. 

[0242] (Embodiment 9) 

[0243] FIG. 28 shows an exemplary structure of an optical 
disc unit 2009 according to Embodiment 9 of the present 
invention. Like blocks as in the above embodiments are 
indicated by like reference numerals, and the explanations 
thereof are omitted. 

[0244] The optical disc 2187 is a doublelayer optical disc 
having two information surfaces on one side. The motor 
control circuit 2156 controls the motor 2127 so as to rotate 
with a predetermined number of rotations. The laser control 
circuit 2155 controls the laser 2109 so as to emit light at a 
predetermined power. 

[0245] The operation for detecting light reflected off other 
information surfaces is described. A microcomputer 2195 
changes level a the control terminal e of a switch 2196 to 
connect a terminal d and a terminal b. Also, the microcom- 
puter 2195 changes the level at a control terminal e of a 
switch 2410 to connect a terminal d and a terminal c. The 
terminal c of the switch 2410 is set to zero level. The 
microcomputer 2195 activates the ramp generation circuit 
2123. The output from the ramp generation circuit 2123 is 
sent to the power amplifier 2118 via the switch 2196. Thus, 
the objective lens 2103 approaches the optical disc 2187. An 
s-shape waveform is first output at the surface of the optical 
disc 2187. Next, an s-shape waveform is output at the first 
information surface. Then, an s-shape waveform is output at 
the second information surface. 

[0246] The microcomputer 2195 measures amplification 
of the s-shape waveform at the first information surface 

and amplification of the s-shape waveform at the second 
information surface. The microcomputer 2195 prestores 
amplification of an s-shape waveform at a single -layer 
optical disc and the level of a total internal reflection amount 
signal C3 in the case where the focal point is on the 
information surface. The microcomputer 2195 sets 
obtained from formula (2) to the terminal a of the switch 
2410 as light reflected off other information surfaces, at the 
first information surface. Q2 obtained from formula (3) is set 
to the terminal b of the switch 2410 as light reflected off 
other information surfaces, at the second information sur- 
face. 

Qi=Csil-(HJHs)) (2) 
Q^-Cs(l-(HJHs)) (3) 

[0247] After and O2 are obtained, the focusing is 
performed again. Specifically, the microcomputer 2195 
changes the level at the control terminal e of the switch 2196 
to connect terminal d and terminal b. Also, the microcom- 
puter 2195 changes the level at the control terminal e of the 
switch 2410 to connect ttie terminal d and the terminal a. The 
microcomputer 2195 activates the ramp generation circuit 
2123. The output from the ramp generation circuit 2123 is 
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sent to the power amplifier 2118 via the switch 2196. Thus, 
the objective lens 2103 approaches the optical disc 2187. 
When the microcomputer 2195 detects the first information 
surface, it changes the level of the control terminal e of the 
switch 2196 and connects the terminal d and terminal a to 
start the focus control operation. In the case where the focal 
point is shifted to the second information surface, the 
microcomputer 2195 changes the level at the control termi- 
nal c of the switch 2196 to connect the terminal d and the 
terminal c, and outputs an acceleration pulse to the terminal 
c of the switch 2196 via the D/A converter. Also, the 
microcomputer 2195 changes the level at the control termi- 
nal e of the switch 2410 to connect the terminal d and the 
terminal b. The microcomputer 2195 changes the level at the 
control terminal e of the switch 2196 to connect the terminal 
d and terminal a again to start the focus control operation. In 
other words, in the case where the focal point of the optical 
beam is shifted, the switch 2410 is switched in accordance 
to the information surfaces. When the focal point is on the 
first information surface, the terminal a and the terminal d 
are connected, and when the focal point is on the second 
information surface, the terminal b and the terminal d are 
connected. 

[0248] FIG. 29 shows waveforms of the signals used in 
the optical disc unit 2009. In FIG. 29, waveform (a) 
represents an output of the ramp generation circuit 2123, 
waveform (b) represents the focal point, and waveform (c) 
represents the normalized FE signal which is the output of 
subtracter 2185. The microcomputer 2195 activates the 
ramp generation circuit 2123 at time Xjq. Thus, the focal 
point approaches the optical disc 2187, and the level of the 
normalized FE signal at the surface exceeds E4 at time Ij^. 
Further, the focal point of the optical beam approaches the 
optical disc 2187, and the level of the normalized FE signal 
becomes lower than -E4 at time tj2' 

[0249] The microcomputer 2195 detects that the focal 

point of the optical beam passes through the surface of the 
optical disc 2187. As the objective lens 2103 is further 
raised, the level of the normalized FE signal at the first 
information surface exceeds E4 at time t^^. The microcom- 
puter 2195 measures and stores the maximum value a-^ of the 
normalized FE signal during the period until the level of the 
normalized FE signal becomes E4 again. At time tj^, the 
level of the normalized FE signal becomes lower than -E4. 
The microcomputer 2195 measures and stores the level of 
the minimum value b-^ of the normalized FE signal during 
the period in which the level of the normalized FE signal 
becomes -E4 again, b^ is a negative value. The value 
obtained by subtracting b, from a^ is amplification of the 
s-shape waveform at the first information surface. As the 
objective lens 2103 is further raised, the focal point of the 
optical beam further approaches the optical disc 2187. At 
time t75, the level of the normalized FE signal exceeds E4. 
The microcomputer 2195 measures and stores the maximum 
value 32 of the normalized FE signal during the period until 
the level of the normalized FE signal becomes E4 again. At 
time t^g, the level of the normalized FE signal becomes 
lower than -E4. The microcomputer 2195 measures and 
stores the level of the minimum value b2 of the normalized 
FE signal during the period until the level of the normalized 
FE signal becomes -E4 again. The value obtained by sub- 
tracting b2 from a2 is amplification H2 of the s-shape wave- 
form at the second information surface. 



[0250] The microcomputer 2195 calculates Q^^ and Q2 
using the above two formulas. In Embodiment 9, the light 
amount reflected off the other information surfaces is 
detected with the amplification of the normalized FE signal 
when the focal point passes through the information surface. 
However, when the amplification of the normalized FE 
signal decreases, the open loop gain of the focus control 
system decreases proportionally. The focus gain measure- 
ment means (not shown) may be used to measure the open 
loop gain of the focus control system, and based on a ratio 
of the measured gain and the gain for the single-layer optical 
disc, values of the terminal a and the terminal b of the switch 
2410 may be set. 

[0251] (Embodiment 10) 

[0252] FIG. 30 shows an exemplary stnicture of an optical 
disc unit 2010 according to Embodiment 10 of the present 
invention. Like blocks as in the above embodiments are 
indicated by like reference numerals, and the explanations 
thereof are omitted. 

[0253] In the present embodiment, a hologram element 
2250 acts as optical beam splitting means for splitting light 
which is reflected off the optical disc 2187, after the optical 
beam is focused and applied to a predetermined information 
surface of the optical disc 2187, into light of an inner region 
close to an optical axis and light of an outer region far from 
the optical axis. 

[0254] An inner FE signal generation circuit 2258 acts as 
inner focus error detection means for detecting a misalign- 
ment between the focal point of the optical beam and the 
predetermined information surface of the optical disc 2187 
based on the light of the inner region. An outer FE signal 
generation circuit 2254 acts as outer focus error detection 
means for detecting a misalignment between the focal point 
of the optical beam and the predetermined information 
surface of the optical disc based on the light of the outer 
region. 

[0255] The optical disc 2187 is a doublelayer disc having 
two information surfaces on one side. The optical disc 2187 
rotates at a predetermined number of rotations. The laser 
2109 emits light at a predetermined power. 

[0256] The light emitted from the laser 2109 becomes 
parallel light by a collimate lens 2430 and transmits through 
a beam splitter 2256. 

[0257] 'ITie transmitted optical beam 2106 is condensed on 
the optical disc 2187 by the objective lens 2103 as condens- 
ing means. The condensed optical beam is reflected/dif- 
fracted by the tracks on the optical disc 2187. 

[0258] The reflected/diffracted optical beam transmits the 
objective lens 2103 again and is reflected off the beam 
splitter 2256. 

[0259] The reflected optical beam 2106 is separated into 
diffraction light and 0th order light by the hologram element 
2250 as the optical beam splitting means. The 0th order light 
passes through the hologram element 2250 is condensed by 
the detection lens 2111, is given astigmatism of 450 relative 
to the tracks by the cyHndrical lens 2112, and enters a 
photodetector 2253. 

[0260] The photodetector 2253 receives the light and 
outputs a signal. The signal is input to a controlling FE 
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signal generation circuit 2257. The controlling FE signal 
generation circuit 2257 generates a controlling FE signal. 

[0261] The controlling FE signal is sent to the power 
amplifier 2118 via the phase compensation circuit 2116 and 
the switch 2117. Thus, a current flows through the focusing 
coil in accordance with the coiitroUiug FE signal. 

[0262] +lst order light and-lst order light diffracted with 
the hologram clement 2250 is condensed by the detection 
lens 2111, is given astigmatism of 450 relative to the tracks 
by the cylindrical lens 2112, and enters the photodetector 
2253. 

[0263] The photodetector 2253 receives the light, the 
optical beam reflected off the optical disc, divides it into the 
optical beam light of the inner region closer to the optical 
axis and the optical beam light of the outer region far from 
the optical axis, and outputs signals. The signals are respec- 
tively sent to the inner and outer FE signal generation 
circuits 2258 and 2254. 

[0264] In the doublelayer optical disc, each of the first and 
second information layers has a protective layer of different 
thickness. Thus, spherical aberration is generated. The opti- 
cal head is designed such that the spherical aberration is zero 

when the thickness of the protective layer is that between the 
thicknesses of the protective layers of the first and the 
second information surfaces. Thus, in the first information 
surface, the thickness of the protective layer is thin, and in 
the second information surface, the thickness of the protec- 
tive layer is thick. Accordingly, the spherical aberrations at 
the first and the second information surfaces have reversed 
polarities. 

[0265] Due to the spherical aberration, in the case where 
the focal point is on the first information surface (i.e., in the 
case where the level of the controlling FE signal is 0 at the 
first information surface), the level of the inner FE signal 
becomes positive and the level of the outer FE signal 
becomes negative. 

[0266] In the case where the focal point is on the second 
information surface (i.e., in the case where the level of the 
controlling FE signal is 0 at the second information surface), 
the level of the inner FE signal becomes negative and the 
level of the outer FE signal becomes positive. 

[0267] When the focal point of the optical beam is shifted 
from the first information surface to the second information 
surface, the terminal c and the terminal b of the switch 2117 
are connected. 

[0268] The microcomputer 2255 sends a drive voltage of 
the focusing coil for shifting the focal point of the optical 
beam from the first information surface to the second 
information surface to the terminal b of the switch 2117 via 
the D/A converter. I he focal point of the optical beam starts 
to shift toward the second information surface. The micro- 
computer 2255 stops an acceleration pulse when the outer 
FE signal crosses zero and outputs a deceleration pulse. 

[0269] When the focal point of the optical beam is shifted 
from the first information surface to the second information 
surface, the outer FE signal first crosses zero near the second 
information surface, and then the controlling FE signal 
crosses zero. Then, when the outer FE signal crosses zero 
again, the microcomputer 2255 stops the deceleration pulse. 



[0270] Then, when the controlling FE signal crosses zero, 
the terminal c and the terminal a of the switch 2117 are 
connected. The focus control is performed again. 

[0271] Next, with reference to FIG. 31, the relationship 

between the spherical aberration and the focal point is 
described. FIG. 31 illustrates the outer and inner focal 
points of the optical beam when the controlling FE signal is 
zero at the first information surface. 

[0272] As described above, in the first information sur- 
face, the thickness of the protective layer is smaller than the 
optimal value. The spherical aberration is as illustrated. The 

outer optical beam focuses on a position close to the 
objective lens 2103. The inner optical beam focuses on a 
position far from the objective lens 2103. 

[0273] In the case where the controUing signal is zero at 
the second information surface, the thickness of the protec- 
tive layer is larger than the optimal value. Thus, the outer 
optical beam focuses on a position far from the objective 
lens 2103. The inner optical beam focuses on a position 
close to the objective lens 2103. 

[0274] ITnus, when the objective lens 2103 approaches the 
information surfaces, the outer FE signal and the inner FE 
signal are in the waveforms as shown in FIG. 32. The solid 
line represents the inner FE signal and the broken line 
represents the outer FE signal. The controlling FE signal is 
an average of the outer FE signal and the inner FE signal. 

[0275] As described above, when the focal point is shifted 
firom the first information surface to the second information 
surface, the outer FE signal first crosses zero near the second 
information surface, and then the controlling FE signal 
crosses zero. 

[0276] Next, an operation for shifting the focal point from 
the first information surface to the second information 
surface is described. 

[0277] FIG. 33 shows waveforms of the signals used in 
the optical disc unit 2010. Waveform (a) represents the FE 
signal, waveform (b) represents waveform at the terminal d 
of the control 2117, and waveform (c) represents an output 
of the D/A converter of the microcomputer 2255. In wave- 
form (a), the broken line represents the outer FE signal, a 
thick solid fine represents the inner FE signal, and the fine 
solid line represents the controlling FE signal. 

[0278] The microcomputer 2255 outputs the acceleration 
pulse for shifting the focal point to the second information 
surface from time I^q. Thus, the focal point shifts toward the 
second information surface. The microcomputer 2255 
detects that the level of the outer FE signal is zero at time t^^ 
and stops the acceleration pulse. Then, the microcomputer 
2255 outputs the deceleration pulse. 

[0279] The microcomputer 2255 stops the deceleration 
pulse at time ty^, and connects the terminal c and the 
terminal a of the switch 2117 at time when the controlling 
FE signal crosses zero to perform the focus control again. 

[0280] According to the optical disc unit of the present 
embodiment, it is possible to stop the deceleration pulse in 
an accurately timed manner compared to the case where the 
deceleration pulse is stopped based on the level of the 
controUing FE signal because the deceleration pulse can be 
stopped at the time when the outer FE signal crosses zero. 
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As a result, it is possible to shift the focal point of the optical 
beam from one information surface to another information 
surface stably. 

[0281] In the case where the optical system is not designed 
such that the spherical aberration is zero when the thickness 
of the protective layer is that between the thicknesses of the 
protective layers of the first and second information sur- 
faces, timing may be determined by using the inner FE 
signal. 

[0282] In such a case, in accordance with the information 
on the spherical aberration of depending on the thickness of 

the protective layer which is between the thicknesses of the 
protective layers of the first and second information sur- 
faces, at least one of the outer FE signal and the inner FE 
signal maybe appropriately selected. Based on this signal, 
the actuator 2104 may be driven and the focal point of the 
optical beam may be shifted from one information surface to 
another information surface. 

INDUSTRIAL APPLICABILITY 

[0283] In an optical disc unit according the present inven- 
tion, focus control to an information recording layer of an 
optical disc is performed after focus control to a surface of 
a protective layer of the optical disc is performed. Thus, the 
working distance is substantially extended by the thickness 
of the protective layer. As a result, it is possible to signifi- 
cantly reduce the possibility of an objective lens colliding 
into the optical disc surface even when an optical head 
having a large NA is used. 

[0284] In another optical disc unit according to the present 
invention, only when amplification of a tracking error signal 
is detected to be a predetermined value or higher, the focus 
control is allowed to be started. Thus, without referring to 
the level of total internal reflection amount, it is possible to 
distinguish the optical disc surface and the information 
surface. As a result, even if the difference in levels of the 
total internal reflection amount of the optical disc surface 
and the total internal reflection amount of the information 
surface is small (for example, in the case of the doublelayer 
optical disc), the focusing to the information surface can be 
surely performed. 

[0285] In another optical disc unit according to the present 
invention, in response to the detection of the focus error 
signal crossing zero for the second time, the focus control to 

the information surface is started. Thus, without referring to 
the level of the total internal reflection amount, it is possible 
to distinguish the optical disc surface and the information 
surface. As a result, even if a difference in the levels of the 
total internal reflection amount of the optical disc surface 
and the total internal reflection amount of the information 
surface is small (for example, in the case of the doublelayer 
optical disc), the focusing to the information surface can be 
surely performed. 

[0286] In another optical disc unit according to the present 
invention, after wobbles of the optical disc surface have 
been learnt, focus control to the information surface is 
started. Thus, the focusing control to the information surface 
is performed to the optical disc surface of which wobbles has 
been learnt. As a result, it is possible to significantly reduce 
the possibility of the objective lens colliding into the optical 
disc due to wobbles of the optical disc. 



[0287] In another optical disc unit according to the present 
invention, means for accurately calculating the total internal 
reflectance from the particular information surface (normal- 
ization meaas) is provided. Thus, the effects of the light 
reflected off information surfaces other than the particular 
information surface can be removed. 

1. An optical disc unit for an optical disc having one or 
more information recording layers and one or more protec- 
tive layers formed on the information recording layers, 
comprising: 

reflective surface detection means for detecting a reflec- 
tive surface; 

focus control means for performing focus control to the 
reflective surface such that a distance between a focal 
point of an optical beam applied to the optical disc and 
the reflective surface is within a predetermined error 
limit; 

shift means for shifting the position of the focal point in 
a direction perpendicular to the optical disc; and 

control means for controlling the focus control means and 
the shift means, 

wherein the control means controls the shift means such 
that the focal point of the optical beam shifts toward the 
protective layer until a surface of the protective layer is 
detected by the reflective surface detection means, 

the control means controls the focus control means to 
perform focus control to the surface of the protective 
layer when the surface of the protective layer is 
detected, 

the control means controls the shift means to release the 
focus control to the surface of the protective layer and 
shifts the focal point of the optical beam toward the 
information recording layer until a surface of the infor- 
mation recording layer is detected by the reflective 
surface detection means, and 

the control means controls the focus control means to 
perform focus control to the surface of the information 
recording layer when the surface of the information 
recording layer is detected. 

2. An optical disc unit according to claim 1, wherein a 
feedback gain of the focus control to the surface of the 
protective layer and a feedback gain of the focus control to 
the surface of the information recording layer are set such 
that the product of the feedback gain of the focus control to 
the surface of the protective layer and a reflectance of the 
surface of the protective layer is equal to the product of the 
feedback gain of the focus control to the surface of the 
information recording layer and a reflectance of the surface 
of the information recording layer. 

3. An optical disc unit according to claim 1, wherein: 

information indicating the reflectance of the information 
recording layer is formed beforehand on the surface of 
the protective layer, 

the control means reads the information from the surface 
of the protective layer while the focus control to the 
surface of the protective layer is performed, and sets the 
feed back gain of the focus control to the surface of the 
information recording layer based on the information. 
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4. An optical disc unit according to claim 1, wherein the 
reflectance of the surface of the protective layer is 3% to 5%. 

5. An optical disc unit for an optical disc having one or 
more information surfaces having a plurality of tracks 
formed thereon, comprising: 

tracking error detection means for detecting a misalign- 
ment between an optical beam applied to the optical 
disc and one of the plurality of the tracks corresponding 
thereto, and outputting a tracking error signal indicat- 
ing the misalignment; 

amplification detection means for detecting amplification 
of the tracking error signal; 

focus control means for performing focus control such 
that a distance between a focal point of the optical beam 
and the information surface is within a predetermined 
error Umit; 

shift means for shifting the position of the focal point of 
the optical beam toward the optical disc; and 

control means for controlling the focus control means and 
the shift control means, 

wherein the control means controls the shift means such 
that the focal point of the optical beam is shifted in a 
direction traversing tracks formed on the information 
surface of the optical disc and approaches the optical 
disc with an operation of the focus control means 
stopped; and 

the control means allows the focus control means to start 
the operation only when the amplification of the track- 
ing error signal is detected to become a predetermined 
value or higher by the amplification detection means. 

6. An optical disc unit according to claim 5, wherein each 
of the plurality of the tracks formed on the information 
surface is wavy. 

7. An optical disc unit according to claim 5, further 
comprising zero-cross detection means for detecting that a 
focus error signal indicating a misalignment between the 
focal point of the optical beam and the information surface 
crosses zero, 

wherein the control means starts an operation of the focus 
control means when the amplification of the tracking 
error signal is detected to become the predetermined 
value or higher by the amplification detection means 
and the focus error signal is detected to cross zero by 
the zero-cross detection means. 

8. An optical disc unit according to claim 5, further 
comprising a band-pass filter, 

wherein the tracking error signal is supplied to the ampU- 
fication detection means via the band-pass filter. 

9. An optical disc unit according to claim 5, wherein the 
control means controls rotations of the optical disc such that 
the number of rotations of the optical disc when the ampli- 
fication of the tracking error signal is detected by the 
amplification detection means is smaller than the number of 
rotations of the optical disc when information recorded on 
the information surface of the optical disc is being repro- 
duced. 

10. An optical disc unit according to claim 5, wherein the 
control means controls strength of the optical beam such that 
strength of the optical beam when the amplification of the 
tracking error signal is detected by the amplification detec- 



tion means is smaller than strength of the optical beam when 
information recorded on the information surface of the 
optical disc is being reproduced. 

11. An optical disc unit according to claim 5, wherein the 
control means performs the focus control with rotations of 
the optical disc stopped and controls the rotations of the 
optical disc such that the optical disc starts to rotate after the 
distance between the focal point of the optical beam and the 
information surface is detected to be within the predeter- 
mined error Hmit. 

12. An optical disc unit for an optical disc having one or 
more information surfaces, comprising: 

focus error detection means for outputting a focus error 
signal indicating a misalignment between a focal point 
of an optical beam appHed to the optical disc and a 
predetermined surface; 

shift means for shifting the position of the focal point of 
the optical beam in a direction perpendicular to the 
optical disc; 

focus control means for performing focus control to the 
predetermined surface such that a distance between the 

focal point of the optical beam and the predetermined 
surface is within a predetermined error limit by con- 
trolling the shift means based on the focus error signal; 

zero-cross detection means for detecting that the focus 
error signal crosses zero; and 

control means for controlling the focus control means and 
the shift means, wherein 

the control means controls the shift means such that the 
focal point of the optical beam shifts in a first 
direction toward a surface of the optical disc until the 
focus error signal is detected to cross zero for the first 
time by the zero -cross detection means, 

the control means controls the shift means such that, 
when the focus error signal is detected to cross zero 
for the first time, the focal point of the optical beam 

further shifts in the first direction by a predetermined 
distance which is larger than a distance between the 
surface of the optical disc and the information sur- 
face, 

the control means controls the shift means such that, 
until the focal point of the optical beam has been 
further shifted in the first direction by the predeter- 
mined distance and when the focus error signal is 
detected to cross zero for the second time by the 
zero-cross detection means, the focal point of the 
optical beam is shifted toward the information sur- 
face in a second direction opposite to the first direc- 
tion, and 

the control means controls the focus control means to 
perform the focus control to the information surface 

when the focus error signal is detected to cross zero 
for the second time. 

13. An optical disc unit according to claim 12, wherein the 
control means performs the focus control with rotations of 
the optical disc stopped and controls the rotations of the 
optical disc such that the optical disc starts to rotate after the 
distance between the focal point of the optical beam and the 
information surface is detected to be within the predeter- 
mined error limit. 
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14. An optical disc unit for an optical disc liaving one or 
more information surfaces, comprising: 

focus error detection means for outputting a focus error 
signal indicating a misalignment between a focal point 
of an optical beam applied to the optical disc and a 
predetermined surface; 

shift means for shifting the position of the focal point of 
the optical beam in a direction perpendicular to the 
optical disc; 

focus control means for performing focus control to the 

predetermined surface such that the distance between 
the focal point of the optical beam and the predeter- 
mined surface is within a predetermined error limit by 
controlling the shift means based on the focus error 
signal; 

zero-cross detection means for detecting that the focus 
error signal crosses zero; and 

control means for controlling the focus control means and 
the shift means, wherein 

the control means controls the shift means such that the 
focal point of the optical beam shifts toward a 
surface of the optical disc until the focus error signal 
is detected to cross zero for the first time by the 
zero-cross detection means, 

the control means controls the focus control means to 
perform focus control to the surface of the optical 
disc when the focus error signal is detected to cross 

zero for the first time, 

the control means stores displacement information 
indicating displacement of the shift means in accor- 
dance with a rotation angle of the optical disc in 
storage means while the focus control to the surface 

of the optical disc is performed, 

the control means controls the shift means such that the 
focal point of the optical beam shifts toward the 
information surface based on the displacement infor- 
mation stored in the storage means with an operation 
of the focus control means stopped until the focus 
error signal is detected to cross zero for the second 
time by the zero-cross detection means, and 

the control means controls the focus control means to 
perform the focus control to the information surface 
when the focus error signal is detected to cross zero 
for the second time. 

15. An optical disc unit according to claim 14, wherein the 
focus control means controls phase compensation such that 
a band in which a phase leads is wider, compared to when 
information recorded on the optical disc is being repro- 
duced, for a predetermined period after the focus control 
means has started the operation. 

16. An optical disc unit according to claim 14, wherein the 
focus control means sets a gain such that the gain is smaller, 
compared to when information recorded on the optical disc 
is being reproduced, for a predetermined period after the 
focus control means has started the operation. 

17. An optical disc unit for an optical disc having a 
plurality of information surfaces, comprising: 



photodctcction means for detecting light reflected off the 
optical disc when an optical beam is applied to a 
predetermined surface among the plurality of informa- 
tion surfaces; 

focus error detection means for outputting a focus error 
signal indicating a misalignment between a focal point 
of the optical beam and the predetermined information 
surface based on an output from the photodetection 
means; 

total internal reflection amount detection means for 
detecting an amount of total internal reflection off the 
optical disc based on the output from the photodetec- 
tion means; and 

normalization means for generating a normalized focus 
error signal by dividing the focus error signal by a value 
obtained by subtracting a signal value corresponding to 
a reflection amount reflected off information surfaces 
other than the predetermined information surface of the 
optical disc from the output of the total internal reflec- 
tion amount detection means. 

18. An optical disc unit according to claim 17, further 
comprising: 

shift means for shifting the position of the focal point of 
the optical beam in a direction perpendicular to the 
optical disc; 

focus control means for performing focus control such 
that a distance between the focal point of the optical 
beam and the predetermined information surface is 
within a predetermined error limit by controlling the 
shift means based on the normalized focus error signal; 
and 

focus gain measurement means for measuring a gain of a 
system of the focus control, 

wherein the signal value varies depending on an output 
from the focus gain measurement means. 

19. An optical disc unit according to claim 17, further 
comprising shift means for shifting the position of the focal 
point of the optical beam in a direction perpendicular to the 
optical disc, 

wherein the signal value varies such that amplification of 
the normalized focus error signal is a constant value 
when the shift means is driven such that the focal point 
of the optical beam passes through the predetermined 
information surface of the optical disc. 

20. An optical disc unit according to claim 17, w^herein the 
signal value varies depending on each of the plurality of the 
information surfaces. 

21. An optical disc unit according to claim 20, further 
comprising stray light detection means for detecting light 
reflected off information surfaces other than the predeter- 
mined information surface of the optical disc on which the 
focal point of the optical beam is located, 

wherein the signal value varies based on an output from 
the stray light detection means. 

22. An optical disc unit according to claim 17, further 

comprising: 

shift means for shifting the position of the focal point of 
the optical beam in a direction perpendicular to the 
optical disc; and 
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control means for controlling the shift means based on the 
normalized focus error signal so as to control the shift 
means to shift the focal point of the optical beam to 
information surfaces other than the predetermined 
information surface of the optical disc. 

23. An optical disc unit according to claim 22, wherein: 

the photo detection means further includes optical beam 
splitting means for splitting Hght reflected off the 
optical disc into Hght of an inner region near an optical 
axis and light of an outer region far from the optical 
axis; 

the focus error detection means includes inner focus error 
detection means for detecting a misalignment between 

the focal point of the optical beam and the predeter- 
mined information surface of the optical disc based on 



the light of the inner region, and outer focus error 
detection means for detecting the misalignment 
between the focal point of the optical beam and the 
predetermined information surface of the optical disc 
based on the light of the outer region; and 

the control means controls the shift means based on at 
least one of an output from the inner focus error 
detection means and an output from the outer focus 
error detection means so as to control the shift means 
to shift the focal point of the optical means to infor- 
mation surfaces other than the predetermined informa- 
tion surface of the optical disc. 
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